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PREFACE 

This MDC report entitled "Investigation of the Free Flow Electrophoretic Process fl 
is submitted under NASA Contract Number NAS 8-32200. It consists of two volumes 
as specified below: 

. Volume I - Executive Summary 
Volume II - Technical Analysis 

Prepared as the final report of a seven-month study, with the same title, per- 
formed by McDonnell Douglas Astronautics Company - St. Louis Division, this docu- 
ment summarizes the results of a study that focused on demonstrating the effects 
of gravity on the process and comparing the demonstrated effects with predictions 
made by mathematical models. This contract was administered by the NASA Marshall 
Space Flight Center, Huntsville, Alabama. 

This report was written by: 

Ronald A. Weiss, PhD ~ Charles D. Walker 

Principal Investigator Design Engineer 

James W. Lanham, PhD David W. Richman 

Technical Specialist-Microbiology Lead Engineer-Technology 

Other contributors to the study effort included S. J. Blaisdell, C. E. Cleveland, 
C. E. Roth and A. L. Hitt. This report was reviewed by A. V. Montgomery, MD, PhD- 
Director of Life Sciences and J. T. Rose-Space Processing Program Manager. 

Questions regarding this study should be directed to: 

Ronald A. Weiss, PhD Robert S. Snyder, PhD 

McDonnell Douglas Astronautics Code: ES73 

Company - St. Louis Division NASA Marshall Space Flight Center 

P.0. Box 516 Huntsville, Alabama 35812 

$t. Louis, Missouri 63166 Telephone: (205) 453-3537 

Telephone: (314) 232-2008 
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1 . 0 SUMMARY 

The microgravity environment of space may provide advantages to the production arid 
purification of biological materials in terms of greater availability and higher 
purity of therapeutic, research, and diagnostic materials. Experiments conducted 
in space have already demonstrated the advantages of using static (1) and free-flow 

(2) electrophoresis to separate biological materials in a microgravity environment. 
Cells separated using static electrophoresis showed increased production of uroki- 
nase and erythropoietin when subsequently subcultured in earth based laboratories 

(3) . The previously noted experiments demonstrated the positive results that the 
space environment has on materials processing, but they were not intended to focus 
on process parameters. A necessary step toward NASA's goal of space industrializa- 
tion is an in-depth study of the effects of gravity on the process. Understanding 
these effects will facilitate quantification of the advantages of space processing, 
allowing ground-space economic trade-off analyses to be made. The purpose of 

this study is to demonstrate the effects of gravity on the free-flow electrophore- 
tic process and to compare the demonstrated effects with predictions made by 
mathematical models. 

The free flow electrophoresis chamber used to demonstrate the effects of gravity 
on the process is of a proprietary design developed by McDonnell Douglas Astronau- 
tics Company - St. Louis Division. This chamber is 120 cm long, 8.25 cm wide, and 
0.3 cm thick. The chamber and its supporting hardware are shown in Figure 1-1, 

AN Electrophoresis Test Setup. Flow in this chamber is in the upward direction 
and exits through 105 outlets at the top of the chamber. During electrophoresis 
a stream of sample is injected into the flow near the bottom of the chamber and 
an electrical field is applied across the width of the chamber. The field causes 
a lateral force on particles in the sample proportional to the inherent charge of 
the particle and the electrical field strength. Particle lateral velocity is 
then dependent on the force due to viscous drag which is proportional to particle 
size. The characteristic that describes particle motion is electrophoretic mobi- 
lity, which is the lateral velocity divided by electrical field strength. 

The free flow electrophoretic process depends on maintenance of a steady laminar 
flow of the carrier fluid. Time variant velocity fluctuations will cause corres- 
ponding fluctuations in the particle paths spoiling the intended separation. On 
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earth the primary source of velocity variations in the carrier fluid is convection 
currents. Free convection in turn is caused by density variations due to tempera- 
ture differences in the fluid. These temperature differences are caused by Joule 
heating of the fluid by the electrical field. This problem is aggravated by the 
requirement that the carrier fluid must have sufficient ionic strength to insure 
stability of the biological materials being separated. This carrier fluid, or 
buffer, is therefore an electrically conductive medium. 

1.1 EFFECTS OF GRAVITY ON CARRIER BUFFER 

The purpose to Task 1.0 was to determine the effects of gravity induced thermal 
convection on the carrier buffer flow. Tests were performed to measure vertical 
centerline velocity as gauged by the motion of dye fronts in the carrier buffer 
flow. A dye front near the entrance of the chamber with no field applied is shown 
in Figure 1-2 and one at a field strength of 10 volts/cm near the outlet is shown 
in Figure 1-3. The results for the zero voltage case are what would be expected 
for flow between closely spaced parallel plates i.e. a nearly flat profile that 
falls off only near the sides of the chamber. With voltage however, peaks develop 
in the profile near the sides of the chamber. These peaks were found to be caused 
by heating of the fluid at the membranes, this conclusion was based on correlation 
with velocity predictions from a three dimensional mathematical model of the chamber 
flow velocities, pressures, and temperatures developed by McDonnell Douglas Astro- 
nautics Company - St. Louis Division. 

Good correlation of test results with the mathematical model with no field applied 
may be demonstrated by comparing the observed data of Figure 1-4 with the model 
predictions of Figure 1-5. The mean of observed data (0.1890 cm/sec) is approxi- 
mately one standard deviation (0.0135 cm/sec) less than the predicted mean velocity 
(0.2066 cm/sec). 

When power was applied to the chamber the centerline velocities were significantly 
reduced by the return flow of the gravity induced convective cells evidenced by 
’ the" velocity peaks seen in Figure 1-3. In this case the mathematical model center- 
line velocities were predicted to be significantly higher than the observed test 
data. This indicates that the mathematical model may have underestimated the re- 
turn flow for the upward convection currents at the membranes. Therefore, the 
model predictions for sample residence times during test separations were less 
than the actual case. 
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Figure 1—2 
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Figure 1—5 
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Correlation of test results with the mathematical model requires reduction of the 
velocity profile data at the same locations within the chamber. This was accomp- 
lished by first measuring the profile coordinates for input to a data reduction 
program. These profile coordinates as a function of time were curve fitted and 
interpolated by computer at the analytical coordinate values. Velocities were in- 
terpolated at approximately one centimeter increments across the width of the chamber 
and 20 centimeter increments along the length of the chamber. The velocities are 
close to being constant, as would be expected from the flatness of the velocity 
profile. Analytical predictions were made for 1463 locations in a half thickness 
chamber model . 

Tests were also conducted to determine horizontal centerline velocity. In these 
tests seven dye streams were injected into the carrier buffer flow at equal incre- 
ments across the width of the chamber as shown in Figure 1-6. The tangent of the 
angle of the stream away from the vertical and the vertical velocity were used to 
calculate the horizontal velocity. It should be noted that in order to avoid the 
introduction of error due to the scatter in the vertical velocity test data, a con- 
stant analyzed vertical velocity was used for the calculation. Figure 1-6 shows 
that the dye streams are vertical with no applied electrical field indicating neg- 

lible horizontal velocity. The corresponding data reduction is shown in Figure 1-8. 

-4 

The horizontal velocities from the reduced test data are generally about 10 cm/sec 
in magnitude and either positive or negative in sign, indicating the limiting accur- 
acy of the test method. The corresponding analytical predictions of velocity showed 
even lower values indicating residuals in the iterated solution. Figure 1-7 shows 
the dye streams near mid-chamber with an applied electrical field of 10 volts/cm. 

The corresponding data reduction is shown in Figure 1-9 where the test velocities 
approximate the predicted value of 0.002 cm/sec. Discrepancies are due to the 
values being almost of the same order of magnitude as the accuracy of the test 
method, as illustrated by the zero voltage case. 
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DYE STREAMS (0 VOLTS/CM) 



Figure 1—6 
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DYE STREAMS (10 VOLTS/CM) 



Figure 1—7 
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Figure 1—8 
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1.2 EFFECTS OF GRAVITY ON SAMPLE 

The purpose of Task 2.0 was to determine the effects of gravity on the 
particle streams during electrophoresis. The limiting effects of gravity on 
sample streams in upward flow are illustrated by Figure 1-10. For a sample that 
is heavier than the carrier buffer, the sample falls back around the sample input 
tube. A sample stream that is lighter than the carrier buffer, however, is buoyed 


SAMPLE GRAVITY EFFECTS 



SAMPLE 

HEAVIER THAN CARRIER 


SAMPLE 

LIGHTER THAN CARRIER 


Figure 1—10 

up in the flow and breaks up into beads. To assure realism and applicability of 
the results, biological materials, both proteins and cells, were used for these 
experiments. The selected materials had specific gravities greater than unity, as 
do most biological materials. This meant that fall back limited, for example, 
sample protein concentrations, to about 0.15% by weight per unit volume. To obtain 
good laminar sample streams, the protein samples were diluted to 0.12% maximum pro- 
tein by weight. 
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The effects of gravity persist, however, even after the sample is diluted. The 
effect of gravity on sample streams that are heavier than the surrounding buffer in 
upward flow is to increase residence time and to widen the particle streams. Widen- 
ing of the particle streams can cause overlapping so that the desired separation 
can not be obtained. 

The mechanism involved in these gravity effects is that a negative buoyant force 
results on the particle when the buffer is displaced by a particle with a higher 
specific gravity. For equilibrium, this force must be balanced by the viscous 
shear due to a particle velocity that is less than that of the surrounding buffer. 

For particles the size of proteins and to some extent for cells, the velocity 
difference is negligible. However, for equilibrium of the particle stream with 
the surrounding buffer the force of viscous shear on the outside of the stream 
must be equal and opposite to the sum of the buoyant forces on the particles within 
the stream. For particle specific gravities higher than buffer specific gravity 
in upward flow, the particle stream velocity will be less than that of the sur- 
rounding buffer. Particle stream widening occurs under these conditions, because 
the particles with lower velocities will have longer residence times and greater 
lateral movement than particles with higher velocities near the edges of the part- 
icle stream, in upward flow therefore, the middle of the sample continuously over- 
takes the leading edge, while the trailing edge falls farther and farther behind 
in the lateral direction. The expected result is that the apparent mobility of 
the particle stream will increase with both increasing concentration and decreas- 
ing buffer flow rate. 

Two proteins were separated at various concentrations and flow rates to demonstrate 
the gravity effects. The two proteins used were human albumin and human fibrino- 
gen. In preparation for the separation of a mixture of fibrinoqen and albumin, 
electrophoresis was performed on each of the proteins using a range of field strength 
and buffer flow rates. The test data was correlated with the mathematical model 
by using the apparent electrophoretic mobility at the maximum flow and minimum con- 
centration as a constant input. The three dimensional mathematical model used for 
this correlation is similar to the buffer flow model except that it calculates con- 
ditions at 1001 points in the vicinity of the particle stream and it includes both 
particle diffusion and gravity effects. Test versus predicted outlet concentration 
distribution for human albumin and human fibrinogen are shown in Figure 1-11. 
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In general, the predicted spreading of the samples is less than for 
the test data, both with and without applied electrical field, indicating that this 
spreading is a characteristic of the MDAC-St. Louis chamber. In addition, the 
smaller predicted movement of the proteins with the field' applied is caused by 
actual residence times being greater than predicted, as evidenced by the buffer 
gravity effects data correlation. 

Predicted gravity effects on electrophoresis of mixed proteins are shown in 
Figure 1-12. The greater movement under electrophoresis in one-g is caused by the 
increased residence times due to the particle streams slipping with respect to 
the buffer. • Widening of the particle streams is not evident, however, because each 
of the separating streams was only at a fraction of the limiting concentration. 

The effects of gravity on cell samples at varying concentrations and flow rates 
were demonstrated using lymphocytes. Test versus predicted outlet concentration 
distributions for 33H human lymphocytes are shown in Figure 1-13. Again, the 
predicted spreading of the sample is less than the test data, both with and without 
electrical field, indicating that the spreading is characteristic of the chamber. 
And as in the case of proteins, the predicted movement is less' than the measured 
movement due to the actual residence time being greater than predicted. 

Predicted gravity effects on electrophoresis of cells are shown in Figure 1-14. 

The greater movement under electrophoresis in one-g is caused by the increased 
residence time due to the particle streams slipping with respect to the buffer. As in 
the case of proteins, widening of the particle streams would probably become evi- 
dent at higher concentrations or at greater electrophoretic movement. 
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MIXED PROTEIN ELECTROPHORESIS RUNS 
TEST VS PREDICTED 



FIGURE l-H 
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PRED I CTED GRAV I TY EFFECTS ON 
ELECTROPHORESIS OF MIXED PROTEINS 



FIGURE 1-12 
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1.3 EFFECTS OF SAMPLE CONCENTRATION ON ELECTROPHORETIC MOBILITY 
The purpose of Task 3.0 of this study was to determine if sample concentration has 
a significant effect on the electrophoretic mobility of the individual protein com- 
ponents of the sample. This is of interest because previous MDAC-St. Louis studies 
showed that only very dilute samples can be processed in a one-g environment by free 
flow electrophoresis, and that throughput in the microgravity environment could be 
increased substantially by processing more highly concentrated samples. Instead 
of diluting human plasma 70 times with water, for example, it may be possible to 
process concentrated plasma samples thus increasing the sample concentration from 
about 0.1% on Earth to 28% or even higher in the micro-gravity space environment* 

Questions have arisen, however, concerning protein-protein interaction at concen- 
trations above 0.1% which may change the electrophoretic mobility of individual 
proteins or in some other way interfere with their electrophoretic separation. If 
interfering interactions do occur, then the benefits of purity, attainable in 
space, would be offset by poor resolution as a result of these protein interactions. 

In order to detect the possible effects of sample concentration on electrophoretic 
mobility three common ground based electrophoretic procedures were employed and 
the mobilities of various proteins in human plasma at several concentrations rang- 
ing from 0.109% to 28% total protein were studied. 

Two of these methods, agar gel plate and polyacryl imide disc gel electrophoresis, 
gave consistent reliable test results and were used to evaluate mobilities 
of the various proteins. A third method, using cellulose acetate strip electrophor- 
esis provided erratic data from day to day and was not used for evaluation. 

Test results obtained using agar gel plate electrophoresis are summarized in 
Figure 1-15 and 1-16. No significant differences in protein mobilities were noted 
at any of the concentrations tested over a range of 0.875% to 28%. 
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MIGRATION OF PLASMA PROTEINS ON CORNING AGAR GEL PLATES 

BUN 1 
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Figure 1—15 


MIGRATION OF PLASMA PROTEINS ON CORNING AGAR GEL PLATES 

RUN 2 
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0.25 
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{REDILUTED) 
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1.0 
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0.25 

-0.25 


Figure 1— 16 . 
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Results obtained using polyacrylamide gel electrophoresis are shown in Figure 1-17. 
In this procedure one anomaly occured. Albumin appeared to have increased mobility 
in the higher concentrated samples. However, this apparent increased mobility is 
probably the result of an overloading of the gel capacity and resultant exclusion 
of a portion of the albumin molecules from the molecular sieve action of the gel. 


MIGRATION OF PLASMA PROTEINS 
IN POLYACRYLAMIDE DISC GEL ELECTROPHORESIS 
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N.V. 

4.2 
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Figure 1—17 
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1.4 CONCLUSIONS AND RECOMMENDATIONS 

Principal conclusions of this investigation are that the carrier buffer flow is 
affected by gravity Induced thermal convection and that the movement of the sepaf- 
ating particle streams is .affected by gravity induced buoyant forces. Although 
much has been written about the fluid convection effects, the gravity effect on 
the particle streams is probably more important. It is this effect that limits 
the allowable density difference between the particle stream and the surrounding 
buffer to a fraction of a percent. And even within this allowable range of den- 
sity difference, velocity variations within the stream cause widening of the par- 
ticle streams during electrophoresis. Widening of the particle streams can cause 
the streams to overlap, limiting separation capability. 

One finding of this investigation is that mathematical models, if they include the 
gravity induced buoyancy forces, should be able to effectively predict electro- 
phoresis chamber separation performance. Additional work is recommended in the 
areas of correlation with the upward flow velocities with field applied and in 
testing to reliably determine wall electroosmotic flow velocities using micro- 
electrophoresis for the tested combinations of wall material and buffers. 

Another finding of this investigation is that sample concentration, using ground 
based electrophoresis procedures does not affect protein electrophoretic mobility 
over the range of 0.1% to 28%. 

This investigation should provide a starting point for meaningful comparisons of 
free-flow electrophoresis chamber performance, i.e. output and separation capabil- 
ity, on the earth and under microgravity conditions and additional work in this 
area is planned. 
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2.0 CHARACTERIZATION METHOD 

Investigation of the free flow electrophoretic process required a method of demon- 
strating gravity effects on both the buffer and the sample and correlating the 
results with mathematical model predictions. The method selected for the buffer 
gravity effects demonstration was photographic recording of either horizontal dye 
front or vertical dye stream coordinates versus time and numerical differentiation 
to determine velocity distributions. The method selected for sample gravity 
effects demonstration was more straight forward, consisting of assaying the out- 
let tube concentration distributions for comparison with analytical predictions. 

In this section background information on the process is presented and details of 
the characterization method are discussed. 

2.1 FREE FLOW ELECTROPHORETIC PROCESS 

The free flow electrophretic process as shown in Figure 2-1 is a combination of 
several phenomena. In free flow electrophoresis the sample and a carrier buffer 
are continuously admitted to a chamber. An electric field is applied perpendicu- 
lar to the direction of flow. The force of the field on charged particles of the 

ELECTROPHORESIS PROCESS 



Figure 2—1 
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sample rapidly accelerates them to the terminal velocity for equilibrium with the 
viscous drag force. The distance particles travel in the direction of the elec- 
trical field is proportional to their residence time within the chamber. The 
increased residence time for particles near the wall due to fluid friction as il- 
lustrated in Figure 2-2 results in increased deflection near the wall. This dis- 
tortion was described by Strickler and Sacks (4 ) as the crescent phenomenon. 


ELECTROPHORESIS CRESCENT DISTORTION 


BUFFER VELOCITY 



Figure 2—2 

Electroosmosis is an effect of chamber wall material and can either reduce or 
exaggerate crescent phenomenon (distortion) as shown in Figure 2-3. Electroosmosis 
is dependent on the potential difference between the wall and the buffer. Since 
the wall is negatively charged, positive ions in the buffer are attracted by Coulomb 
forces. This causes the buffer very near the wall to have a positive charge dif- 
ferential relative to the bulk charge of the buffer and a force differential in 
favor of migration toward the negatively charged electrode. The force differential 
is proportional to the zeta potential (wall material characteristic) which is the 
potential difference between the surface of the double layer and the bulk of the 
buffer solution. The force is in equilibrium with the shear force due to the 
large velocity gradient at the wall. Because the chamber ends are closed, the 

buffer migrating toward the negatively charged electrode must circulate back along 
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the chamber centerline. The resulting velocity profile is parabolic, because the 
boundary conditions are the same as Poiseuille flow, i.e. constant wall velocity 
and constant pressure across the chamber. In this case, however, the velocity 
near the wall is not zero and the integral of velocity across the chamber is zero 
to satify conservation of mass. For these boundary conditions the chamber center- 
line electroosmotic velocity is the product of - 0.5 times the wall electroosmotic 
velocity, while the velocity is zero at a distance about 20% of chamber thickness 
from the walls. 


ELECTROOSMOSIS CAN REDUCE CRESCENT DISTORTION 



Figure 2—3 

The other principal distortions are band - spreading effects. Recognized band - 
spreading effects are thermal diffusion, microheterogeneity, electrodiffusion, 
eddy migration and electrosorptive spreading (5). Of these, electrodiffusion 
is negligible for even moderate residence times and eddy migration does not occur 
because of lack of a supporting medium in free flow electrophoresis. 

For operation on Earth, gravity affects the electrophoretic process as a result of 
buoyancy forces. These forces limit, (1) the allowable Joule heating in the buffer, 
because of convection currents, (2) the concentration of soluble species in 
samples because of large sample/buffer velocity differences, and (3) the move- 
ment of insoluble particles in samples because of sedimentation. 

2.2 BUFFER GRAVITY EFFECTS 

The method selected for the buffer gravity effects demonstration was photographic 
recording of either horizontal dye front or vertical dye stream coordinates versus 
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time and numerical differentiation to determine velocity differences. Advantages 
of this method include both the straight forward method of implementation and 
visibility of data in the raw integral form of position versus time. Such visible 
data was later to prove invaluable in providing evidence of velocity variations 
that were not evident in the reduced data. Another advantage of using horizontal 
dye fronts and vertical dye streams is that they facilitate obtaining the 
horizontal and vertical components of velocity. Obtaining the vertical component 
of velocity is important because the forces of gravity on the carrier buffer 
fluid, which are caused by temperature dependent density differences, manifest 
themselves as additive convective velocity increments. These vertical velocity 
increments in the three dimensional case also result in convection cells which 
have horizontal velocity components. Disadvantages of using dye fronts to 
visualize fluid motion include the fact that most dyes are not neutrally buoyant. 
This means that dyes that are heavier than the buffer, like the Coomassive 
Brilliant Blue R250 used in these tests, will increase the local density of the 
carrier fluid and induce downward slippage and attendant error in velocity 
determination. Another disadvantage is that most dyes including the dye used in 
these tests have significant electrophoretic mobility which must be accounted for 
in reducing the data. 

Vertical velocity distribution was determined by photographically recording the 
coordinates of a horizontal dye front versus time. The front was created by 
tieing into the buffer inlet plane and injecting dye dissolved in buffer over an 
interval of a few seconds. This resulted in a well defined front' as shown in 
Figure 1-2 for an applied field of zero volts. The results are what would be 
expected for Poiseuille flow, that is flow between parallel plates. To calculate 
vertical velocity in this case, the vertical position as a function of time is 
approximated by a second order polynomial fit. This polynomial is then 
numerically differentiated to find velocity. Data typical of the results are 
shown in Figure 1-4. Here velocities were calculated at about one centimeter 
increments across the chamber and at five increments along its length. When a 
field is applied to the chamber, the mobility of the dye requires that the 
calculation procedure be modified. Here the velocity profiles are not interpolated 

along a vertical line, but along a line inclined at an angle whose tangent is the 
electrophoretic velocity divided by the vertical velocity. This, of course. 
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results in an iterative procedure to calculate vertical velocity. Electrophoretic 

mobility of the R250 Brilliant Blue dye was determined from its movement in our 

chamber after the movement due to electroosmosis was subtracted. The reference 

data for determining electroosmotic movement was the work that Vanderhoff performed 

for NASA's Marshall Space Flight Center (MSFC) that gave an apparent electroosmotic 

-4 2 

mobility for a borate buffer/Lexan wall combination at the wall of -10.7 x 10 cm 

volt- sec (6). In comparative testing the motion of R250 Coomassie Brilliant Blue 

dye was determined to be essentially the same in barbital and borate buffer. It 

was then assumed that both the electrophoretic movement and the electroosmotic 

movement for the R250 Coomassie- Brilliant Blue were proportional to the total 

movement in each buffer and based on this, the electrophoretic mobility of R250 

Coomassie Brilliant Blue dye and the wall electroosmotic mobility for the barbital 

-4 2 

buffer/Lexan wall combination were calculated to be 6.5 x 10 cm /volt-sec and 
-4 2 

-10.2 x 10 cm /volt-sec, respectively. 

Horizontal velocity distribution, which is primarily due to osmotic flow, was 
determined by photographically recording the coordinates of vertical dye streams. 
These dye streams were injected into the buffer flow through seven capillary 
sample tubes near the bottom of the chamber and equally spaced across its width. 

A typical pattern with no field applied is as shown in Figure 1-6. The tangent 
of the stream angle away from the vertical to the right is equal to the horizontal 
velocity divided by the vertical velocity. It was at first anticipated that the 
vertical velocity used to calculate the horizontal velocity would be determined 
from the corresponding horizontal dye front test; however, noise in the data 
required that an assumed analytical value be substituted. With voltage, a typical 
pattern is as shown in Figure 1-8. To reduce this data it is necessary to 
subtract the effect of dye electrophoretic mobility, in this case the electro- 
phoretic velocity must be subtracted from the apparent horizontal velocity. 

The results of the horizontal and vertical velocity data reduction were compared 
with analytical results from an MDAC-STL developed three dimensional mathematical 
model of chamber flow. This model is based on finite difference approximations 
to the equations of motion and the continuity equation as presented in Figure 2-4. 
The equations of. motion were solved subject to the simplifying assumptions given 

in Figure 2-5. The principal assumption is that density is assumed to be 
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constant with respect to satisfying the continuity equation and is only assumed 
to be temperature dependent with respect to calculating the buoyant force terms' 
in the equations of motion. As is apparent in the simplified equations the 
variation in viscosity with location has been retained, so that the effect of 
temperature on viscosity is included. This model was used to calculate the three 
components of velocity and the pressure at 1463 locations within the chamber 
including the locations at which the data was reduced. Additional points were 
required near the walls to effectively model the flow, so the calculation grid 
used is as shown in Figure 2-6. 

Boundary conditions for the model were buffer flow into and out of the model at 
average vertical velocity and no flow through the membranes. A no slip, zero 
velocity condition was assumed at the chamber walls, except for the cases with 
an applied field where the wall electroosmotic velocity was assumed at the wall. 
The pressure boundary condition was zero pressure gage at the geometric center 
of the chamber. Temperature boundary conditions were calculated in the MDAC-STL 
mathematical model composed of 1583 nodes. This portion of the model solved 
finite difference approximations to the energy equation given in Figure 2-7. 
Boundary conditions for the solution of the energy equation were the input 
temperatures of fluid entering the chamber and the ambient environmental 
temperature. 

2.3 SAMPLE GRAVITY EFFECTS 

The method selected to demonstrate the effect of gravity on the separation of 
samples was to assay the outlet tube concentration distributions for comparison 
with analytical predictions. In these demonstrations the samples, including 
both proteins and cells, were heavier than the carrier buffers. The proteins used 
were human fibrinogen and human albumin, and the cells used were 33H human lymph- 
ocytes . 

The predicted effect of gravity on sample streams heavier than the buffer is 
to widen the sample stream. This widening is a result of the sample column slip- 
ping relative to the surrounding buffer. The slip causes the force of viscous 
shear on the column to be equal and opposite to the net buoyant force, for equil- 
ibrium. This means that the vertical velocity decreases toward the middle of the 
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o WIDTH (19 NODAL POINTS) 

- EIGHT EQUAL INCREMENTS OF 1.03125 CM PLUS 
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o THICKNESS (7 NODAL POINTS) 

- SIX EQUAL INCREMENTS OF 0.025 CM 

- HALF THICKNESS WITH SYMMETRY 

o HEIGHT (11 NODAL POINTS) 

- SIX EQUAL INCREMENTS OF 20,0 CM PLUS 

- ADDED NODES 5,0 AND 10.0 CM FROM EACH END 

o 1463 NODAL POINTS 
o 5972 DIFFERENTIAL EQUATIONS 
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sample, increasing residence time and therefore lateral motion under electrophor- 
esis. For a sample heavier than the carrier buffer in upward flow, this phenomena 
causes greater lateral motion of the middle of the sample, relative to the trail- 
ing edge, resulting in widening of the sample stream. 

Of course, there are other factors that influence outlet concentration distribu- 
tion. Included among these factors are crescent distortion, which causes widen- 
ing of the distribution in the direction of the electrophoretic movements. Also 
included are electroosomotic flow which, depending on its magnitude and direction, 
can cause widening of the sample that can either increase, decrease, or compensate 
for the widening due to crescent distortion, as described by Strickler and Sacks (4). 
In addition to these effects, diffusion widens the streams by a continuous level- 
ing of the concentration distribution. These effects are all well described in 
theory, but in addition there are the effects of the apparatus on the separation: 
that is, the stability and repeatability of electrophoresis chamber used. 

Because of these variables the albumin and human fibrinogen samples were run sep- 
arately before separation of mixtures was attempted. These tests were performed 
varying voltage and flowrate. Voltage was varied to identify any non-linearities 
in deflection with voltage. Flowrate was varied to identify the effects of grav- 
ity, which would be expected to increase with decreasing flowrate because the vel- 
ocity variations due to slip in the column become more significant as velocity 
decreases. 


After the single protein tests were completed mixtures of proteins were separated 
varying both concentration and flowrate. Here again, gravity effects, that is 
widening of the sample streams is expected to increase at decreasing flowrate. In 
addition, since the amount of slip in the sample column is proportional to con- 
centration, gravity induced widening is expected to increase at increasing con- 
centration. 

Gravity effects were also demonstrated using a single cell type, 33H human lympho- 
cytes. The resulting concentration distributions of cells and proteins were com- 
pared with analytical results from a three dimensional model of the flow and concen- 
tration in the vicinity of the sample. The area modeled was bounded by the front 
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wall and the chamber centerline and included enough of the flow on either side of 
the separating stream to minimize sample effects at the edges. Using this model 
the flow characteristics and sample concentration were calculated at 1001 locations 
within the chamber. Boundary conditions for this model were buffer flow into and 
out of all surfaces of the model and a known equilibrium pressure distribution at 
the inlet of the model where the sample was injected at carrier flow velocity. 
Temperature boundary conditions were calculated by an additional heat transfer 
model of 1274 nodes, which used input fluid temperatures and ambient temperature 
as boundary conditions. 

In reduction of the protein separation outlet concentration data it appeared that 

the calculated wall electroosmotic mobility calculated for the buffer gravity 

effects tests as described in Section 2.2 was large enough that the mobility of 

human fibrinogen would be negative. This seemed unlikely, so tests were run to 

compare total movement of human albumin, the more mobile of the two proteins 

used, in both borate and barbital buffers. Again, it was assumed that both the 

electrophoretic movement and the electroosmotic movement for the human albumin 

were proportional to the total movement in each buffer, and based on this, the 

electroosmotic mobility for the barbital buffer/Lexan wall combination was 

-4 2 

calculated to be -7.9 x 10 cm /volt-sec and the analytical predictions of 

protein outlet concentration distributions were made using this value. It should 

be noted that the wall electroosmotic mobility calculated from the albumin data of 
-4 2 

-7.9 x 10 cm /volt-sec did not agree with one calculated from R250 Coomassie 
Brilliant Blue dye data of -10.2 x 10 ^ cm^/volt-sec. Because of the importance 
of the wall electroosmotic mobility, it is recommended that wall electroosmotic 
mobility measurements be made using a micro-electrophoresis device for the 
buffer/wall material combinations tested. Also because of the lack of agreement, 
further comparison tests were not attempted and the same wall electroosmotic 
mobility was used for the analytical prediction of cell outlet concentration 
distribution, although a different buffer had to be used to maintain cell 
viability. 

For the protein and cell separations the mobilities used for the analytical 
predictions were the observed mobilities for those cases where gravity effects 

were at a minimum. The albumin mobility from Run 26 was 3.6 x 10 - ^ cm^/volt-sec, 
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the fibrinogen mobility from Run 35 was 0.66 x 10 ^ cm'Vvolt-sec, and lymphocyte 

-4 ? 

mobility from Run 59 was 6.6 x 10 cm /volt-sec. 
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3.0 TEST HARDWARE 

A balanced investigation of the electrophoretic process requires that theoretical 
analysis be correlated with actual test data. The testing under this contract was 
intended to verify and quantify the influence of gravity-dependent factors upon the 
process. These factors include convection due to Joule heating of the buffer and 
the effects of sample stream buoyancy. 

Tests necessary to demonstrate gravity effects in the free-flow electrophoretic 
process were performed with McDonnell Douglas Astronautics Company - St. Louis 
developed hardware. The test hardware was setup around a free flow electrophoresis 
chamber of 120 cm length as shown in Figure 1-1. Calibrated instrumentation was 
installed to measure internal temperatures, pressure, and electrical field strength. 
A detailed discussion of the hardware is provided in the following paragraphs. 

3.1 FREE FLOW CHAMBER DESIGN 

The basic functional characteristics of the McDonnell Douglas Astronautics Company - 
St. Louis chamber are as follows: 
o Upward carrier buffer flow 
o Parallel upward flow coolant jackets 
o Upward electrolyte buffer flow 
Basic design features of the chamber are: 

o 120 cm flow length in electrical field 
o 0.3 cm separation chamber depth 
o 8.25 cm separation chamber width 
o Platinum electrodes 

o Reconstituted cellulose membrane material 

Upward carrier buffer flow was chosen over downward flow because chamber buffer 
temperatures were above the temperature for maximum buffer density (4°C). There- 
fore, upward carrier buffer flow was compatible with the temperature gradient that 
was positive in the upward flow direction. 

Parallel flow coolant jackets control the magnitude of this buffer temperature gra- 
dient. The coolant jackets' (one on each face of the chamber, front and back) flow 
covers the width and length (7.3 cm x 119.0 cm) of the carrier buffer chamber. 
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Separating each cooling jacket from the carrier buffer chamber is a wall of Lexan 
polycarbonate resin the primary structural material of the chamber. 

Upward electrolyte buffer flow allowed the same upward increasing temperature grad- 
ient at the membranes separating the electrolyte flow from the carrier buffer flow. 
Upward flow also aided the buoyant forces on the bubbles (electrolysis products! in 
freeing them from the electrodes. 

Chamber design was based upon several previous evolutionary models developed by 
McDonnell Douglas Astronautics Company - St. Louis. Incorporation of the practical 
lessons learned with previous units produced a chamber which can consistently pro- 
vide sample residence times greater than ten minutes. 

The 120 cm flow chamber length, a dimension considered most practical for 
Spacelab integration, allowed long sample residence times. The full 120 cm flow 
length was within the applied electric field. The field across the 8.25 cm wide 
0.3 cm deep separation chamber was created between two platinum electrodes. 

Each electrode was surrounded by flowing electrolyte buffer. A membrane of recon- 
stituted cellulose material segregated the carrier buffer flow from the electrolyte 
flow. The membrane porosity was picked to allow compounds of <14,000 molecular 
weight to move between flows. 

3.2 ADDITIONAL CHAMBER FEATURES 

Supplemental design features of the flow chamber were a manifolded carrier buffer 
inlet and a 105 tube outlet. The inlet provided uniform introduction of the carrier 
buffer across the separation chamber width through eight (8) channels. The mani- 
fold had provision for nearly homogeneous mixing of buffered dyes with the carrier 
buffer prior to introduction into the separation chamber. This feature was util- 
ized in the first nine (9) Task 1 Buffer Gravity Effects test runs. The manifold 
also allowed sample introduction into the carrier buffer flow through any one or 
all of seven (7) glass capillary tubes (0.07 cm inside diameter) positioned verti- 
cally on the chamber centerline. Spacing between the sample. inlet tubes was 1.06 cm. 
The tubes extended into the flow chamber 3.7 cm. This feature with all seven (7) 
tubes in place was utilized in the second set of nine (9) Task 1 test runs. All 
Task. 2 test runs had the manifold configured with only one (1) inlet tube for sample. 
The single inlet tube was located 2.01 cm from the cathode side membrane. 
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At the separation chamber outlet, the flow exited through one-hundred five (105) 
capillary (0.066 cm nominal inside diameter) tubes across the separation chamber 
width. 

3.3 INSTRUMENTATION 

The flow chamber itself was instrumented for measurement of temperatures, pressures, 
and electrical field strength. Support equipment such as refrigerated' reservoirs 
were also monitored for temperature. 

Temperature instrumentation within the flow chamber consisted of seventeen (17) 
individual thermocouples located as shown in Figure 3-1. The thermocouples were 
Type T teflon sheathed copper-constantan. The nominal outside diameter of each 
sheath was 0.064 cm. At mid-chamber height (60 cm) and at the upper chamber (120 cm) 
two (2) thermocouples measured centerline carrier buffer temperatures. The remain- 



FRONT 


Figure 3—1 
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ing six (6) thermocouples at each location measured buffer flow chamber wall temp- 
eratures. Additional measurements of chamber inlet and outlet temperatures were 
gathered from thermocouples located at the coolant jacket inlet, electrode chamber 
inlet and both electrode chamber outlets. The thermocouples measured center stream 
temperatures, and were of the same teflon sheathed copper-constantan type as those 
installed within the chamber. 

Pressure measurement was performed with one Bourdon direct pressure gage and two 
(2) differential pressure transducers. The direct pressure gage monitored the flow 
chamber static pressure at the inlet height. One each mechanical type differential 
transducer was utilized to measure the pressure drop across the cathode side mem- 
brane (i.e. between electrolyte and carrier buffer flow chambers) at the chamber 
inlet and 120 cm heights. Pressure measurement was not intended to provide data 
for correlation with analytically predicted chamber pressures but rather as an op- 
erational monitor against over-stressing the electrode membranes. 

Electrical field strength instrumentation within the carrier buffer flow chamber 
consisted of seven (7) pairs of 0.1 cm diameter gold pins at chamber heights of 
3.4 cm, 22.4 cm, 41.7 cm, 63.6 cm, 79.8 cm, 98.7 cm and 118.0 cm. Each pair of 
pins were 7.65 cm apart, with each pin approximately 0.3 cm from the adjacent 
membrane. Penetration of each pin into the buffer solution was approximately 0.1 
cm. Flow chamber electrical field strength (volts) at each reference height was 
then measured between the two pins of each pair and reduced to volts per centi- 
meter (v/cm). 

3.4 CALIBRATION 

All test hardware instrumentation was calibrated immediately preceeding the 
start of contract work. All twenty- two (22) thermocouples, cables and the digital 
readout were calibrated as a system. Thermocouple error was +0.55 C and gage pres- 
sure accuracies were +0 . 1 5 psi. Pressure transducers were calibrated to an accur- 
acy of +0.075 psi. Chart record pressure readings were evaluated with accuracies 
of +0.25 psi. The digital voltmeter readout of electrical field strength values 
was calibrated to an accuracy of +1.02 volt over the range of chamber potentials 
measured. 
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In addition to test instrumentation installed on the flow chamber, fluid flow meter- 
ing devices in the support setup were calibrated. Each fluid flowing through the 
chamber and cooling jackets, i.e. carrier buffer, electrolyte buffer, and jacket 
coolant, was metered prior to introduction at the chamber. The flowmeters were 
the spherical float type. Calibration curves were generated for each flowmeter 
at the conditions of flow while installed in the test setup. Carrier buffer flow 
measurement accuracy was the most critical from the standpoint of test-to-test 
flow rate control. The resulting instrument accuracy was +4.0% under steady flow 
conditions, over the range of test operation (20 - 40 millil iters/minute (ml/min)). 
With regard to potential sources of error in the test run data the fluid flow rates, 
most importantly carrier buffer, were the greatest hardware related errors. 

Support equipment included two (2) sample syringe pumps that were calibrated at the 
discreet sample flow rate settings utilized during all runs. The pumps were in- 
dividually calibrated for the particular syringe size used with each run. Cali- 
brated sample flow rates were, accurate to +5.0%. 
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4.0 BUFFER GRAVITY EFFECTS 

Assessment of sample gravity effects in free-flow electrophoresis first requires, 
definition of the carrier buffer gravity effects. Buffer gravity effects result 
from buoyancy forces due to temperature differences in the buffer through Joule 
heating. Joule heating of the buffer causes distortions of -the parabolic velocity 
profile described for Poiseuille flow. This section presents test methodology, 
test results and correlation with the analytical predictions. 

4.1 TEST DATA COLLECTION 

Measurement of dye stream patterns was used to quantify the buffer flow profile. 
These measurements plus flow chamber temperatures and flow rates comprised the 
useful test data. 

Preliminary to data gathering, test procedures and criteria were established. Car- 
rier buffer flow rates of 20, 30 and 40 milliliters perminute (ml/min) provided a 
useful range of flow rates with the 120 cm length flow chamber utilized. A range 
of electrical field strengths across the chamber (0, 10 and 20 volts D.C. per centi- 
meters (V/cm))was chosen rather than applied voltage. This choice was made prior to 
the initiation of testing and was deemed necessary in order to simplify data gather- 
ing and presentation during the sample protein and cell studies. Sample movement 
can be considered a constant function of electrical field strength, but a variable 
function of applied voltage, because of flow chamber membrane day-to-day electrical 
resistance changes. For experimental control, electrical field strength was more 
appropriate and so used throughout the data collection. 

Uniform coolant,, electrolyte buffer and carrier buffer temperatures at the chamber 
inlets are desirable initial conditions for an optimum thermal balance when estab- 
lishing laminar buffer flow. Therefore, as part of the test protocol, uniform 
temperature conditions were established at the mid-chamber and upper-chamber 
(Figure 4-1 ). 


Fluid pressure differentials across one membrane were monitored during chamber oper- 
ation. This was done in order to prevent over-pressures from occurring during filling 
of the electrode and buffer chambers which would damage the membrane material or 
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seals. Differential pressures of up to 1.0 psid are normal and do not substantially 
reduce the functional life of the membrane material.. 

Carrier buffer flow stability criteria were established to define laminar flow. 

Steady state laminar flow was defined as a lack of time variant visible fluctua- 
tions of continuous dye stream (or streams) over a five-minute period. Conversely, 
laminar flow disturbance was defined as visible fluctuations or discontinuities of 
a dye stream (or streams). 

Flow profile visualization was necessary to allow measurement of the buffer velo- 
city, specifically the centerline velocity. Measurement of velocities without 
physically disturbing the flow itself was achieved by making it visible with 
Coomassie Brilliant Blue R250 dye. An instantaneous record of the velocity profile 
was then possible by photographing the visible flow pattern. Neutrally buoyant 
particles of size, consistency and coloration necessary for photographic recording 
flow profiles were not readily available. Laser velocimetry was available, but 
programmatic conflicts, cost and questions of the laser's interference with flow 
chamber structure decided against this approach. Standard electrophoretic dyes 
were the simplest means. Coomassie Brilliant Blue R250 was chosen because of its 
visibility, mobility, and availability. Flow trials were performed to determine 
a minimum concentration of dye dissolved in buffer, which would flow well over the 
test range of buffer flow rates while remaining visible the length of the chamber. 

A concentration range of 1-2 milligram dye per milliliter buffer (1-2 mg/ml) was 
chosen. At test temperatures (approximately 8°C) the dye stream specific gravity 
was 0.0006-0.0008 greater than the surrounding buffer. 

Buffer centerline velocity had to be measured in two parts, the vertical component 
and the horizontal component, which conformed with the analytical output. Two 
different dye flow patterns were necessary to visualize buffer movement due to 
each of these two velocity components. The vertical component had to be visualized 
at any instant across the entire width of the flow chamber. This meant a relatively 
uniform front of dye the width of the chamber moving with the flow. To do this 
dye was intermittently injected into the carrier buffer previous to the flow chamber 
inlet manifold. This allowed a homogeneous mix of dye and buffer to enter the 
chamber. The leading edge of the visible dye front would flow with the highest 
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velocity buffer, i.e. the centerline flow. Photographically recording the advance 
of the front at intervals allowed positional definition of any point on the front. 
Position or location information was referenced from metric unit scale markings 
on the flow chamber face. The horizontal velocity component was best visualized 
using streams of dye. Seven discrete vertical dye streams were formed simultan- 
eously by dye injection into the buffer flow chamber through sample ports with equal 
spacings of 1.06 cm. In established laminar flow any differential horizontal move- 
ment of the continuous dye streams was photographically recorded in reference to 
the scaled chamber face. The crescent distortion phenomena would tend to spread 
each stream. Therefore centerline buffer movement was correlated with movement of 
the densest (darkest) visible portion of each dye stream. 

Tests were performed in accordance with the two matrices of Figures 4-2 and 4-3. 

(The tests were no.t necessarily performed in order numerically, however). The 
first tests were the nine (9) vertical velocity component runs (Figure 4-2). Cham- 
ber inlet configuration for these tests provided the uniform mix of dye and carrier 
buffer across the separation chamber width as described in Section 3.2. Carrier 
and electrolyte buffer solutions sufficient for up to eight (8) hours of operation 
were prepared daily as described in Section 5.1. An electrolyte buffer solution 
concentration (and ionic strength) five (5) times that of the carrier buffer was 
used in order to reduce electrical resistance across the membrane. 

Preliminary runs with photography evaluation of dye front, visibility resulted in 
selection of a 1.5 mg dye per ml carrier buffer solution to mark the flow stream. 

A stock of this dye solution was stored at 4°C and kept for five (5) days before 
being discarded and new stock prepared. For each run the dye solution was injected 
at room temperature from a syringe into the carrier buffer. 

The first run conducted each day was a zero-voltage case. This allowed confirma- 
tion that a steady state laminar flow condition was present in the separation 
chamber. Flow stability was determined by two means. First, a consistent stream 
pattern as visualized by short period (5 second) dye solution injection, at 5 
minute intervals. Second, by even separation chamber wall temperatures at mid- 
chamber height and upper chamber. Here even was defined as temperatures falling 
within +0.4°C of the average at each chamber height. (Figures 4-1 (A) and 4-1 (B)). 
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The first daily run v/as commenced after steady laminar flow was established. 

Dye was injected into the carrier buffer flow for mixing immediately preceeding 
the inlet manifold. Dye injection for the 20 ml/min buffer flow cases was 8 ml/min 
over a 15 second period. For the 30 ml/min and 40 ml/min buffer flow cases it 
was 12 ml/min over 12 seconds and 15 ml/min over 12 seconds, respectively. 

Timing of the run started at the first visible incursion of dye into the separation 
chamber at 0 cm chamber level . This inlet plane was viewed directly perpendicular 
to the flow. Timing was initiated manually. The advance of the dye front up the 
120 cm chamber length was photographically recorded at regular intervals with the 
elapsed time of each photograph noted. Figure 1-2 shows a typical photograph. 

The number of photographs per run taken during the 20 ml/min buffer flow cases and 
used for data reduction averaged thirteen (13). The 30 ml/min and 40 ml/min buffer 
flow cases averaged ten (10) photographs each run for both cases. 

Following the zero-voltage run voltage was applied to the electrophoresis chamber 
for the 10 volt/cm field strength case, then the 20 volt/cm case at the control 
buffer flow rate. Carrier buffer and coolant flow rates remained the same as for 
the zero-voltage case. The electrolyte buffer flow rates remained essentially 
the same with only minor (<15%) electrolyte buffer flow rate increases in order 
to maintain electrode chamber inlet temperatures at the same value set in the zero- 
voltage cases. Electrical field strength at pairs of pins on either side of the 
f-ield was monitored regularly. Readings from seven pairs of pins along the ver- 
tical were averaged. For the applied voltage runs, flow stability v/as determined 
by first, a consistent stream pattern visualized as during zero-voltage cases, 
second, steady flow chamber temperatures, and third, an average chamber field 
strength varying not more than 0.35 v/ cm over a 5 minute period. Typically, 
temperatures and field strengths were recorded immediately preceeding dye front 
introduction for photography. 

The second set of tests were the nine (9) horizontal velocity component runs 
(Figure 4-3). For these tests the chamber inlet configuration was changed to 
inject seven (7) continuous and parallel dye streams into the carrier buffer flow. 
The inlet for this set of runs is described in Section 3.2. Buffer and sample dye 
preparations were as described for the vertical velocity component runs. 
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Preliminary run evaluations selected a dye solution of 1.0 mg/ml. Total dye sample 
injection rate was set at 0.15 ml/min, 0.20 ml/min and 0.30 ml/min for the 20 ml/min, 
30 ml/min and 40 ml/min carrier buffer flow cases, respectively. 

Zero-voltage run flow stability was confirmed by two means. First, steady dye 
streams as defined by lack of lateral movement or waivering over a 5 minute period 
and, second by the same even separation chamberwall temperature as defined for the 
vertical component runs. Carrier buffer, electrolyte buffer and coolant flow rates 
were the same as set for the zero-voltage vertical velocity component runs. 

Timing during stream photography was not necessary with the continuous dye streams. 
Photographs of the flow chamber were taken at 20 cm intervals from 20 cm to 100 cm 
in height. Data reduction was later done by finding the lateral coordinate of 
each dye stream as it crossed the 20, 40, 60, 80 and 100 cm vertical level. 

Conditions for the horizontal component runs with voltage applied, were established 
essentially as they were for the vertical component runs. Temperatures and field 
strengths were monitored and recorded in the same manner as discussed previously. 


4.2 DATA REDUCTION AND CORRELATION 

Effects of gravity on the buffer flow were evaluated by the tests given in the 
matrices of Figures 4-2 and 4-3. The first nine tests used horizontal dye fronts 
to determine vertical centerline velocity. The results of the test data reductions 
and the corresponding analytical predictions are presented in Figures 4-4 through 
4-21. The reduced data for vertical centerline velocity at 0 volts/cm and 20 ml/min 
buffer flow is presented in Figure 4-4. Here the velocity varies little from side to 
side, as would be expected, particularly near the inlet. The expected profile 
is illustrated by the analytical predictions shown in Figure 4-5; that is, a 
constant velocity except in the vicinity of the membranes. It should be noted 
that the reduced test data, as well as the photographic data, show some rounding 
of the velocity profile with length in the chamber as shown in Figure 1-2 for a 
flow rate of 40 ml/min. This is probably the result of non-uniform heating of the 
buffer and coolant by conduction through the faces of the unit. These effects do 
not show up in the predictions, because a constant ambient temperature was used 
as a boundary condition. Similar results are shown in the 0 volt/cm data presented 
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in Figures 4-10 and 4-11 for a buffer flow rate of 30 ml/min and in Figures 4-16 
and 4-17 for a buffer flow rate of 40 ml/min. 

The reduced data for vertical centerline velocity at 10 volts/cm and 20 ml/min 
buffer flowrate is presented in Figure 4-6. Here the vertical centerline 
velocities appear to be constant across the chamber at the one centimeter incre- 
ments where the data was reduced. The original photographs show additional 
peaks in the velocity profile near the membranes not evidenced by the reduced 
data. These peaks are illustrated by Figure 1-3 at a flowrate of 40 ml/min. 

The data reduction does not indicate the presence of these peaks, because it 
proved impossible to reliably measure the vertical height coordinates of the 
profiles in the area near the membranes, where the slope of the profiles was 
almost vertical. In addition to this, the electrophoretic mobility of the dye 
shifted the dye fronts away from the cathode in the direction of increasing width 
in the chamber. This caused all the points at 1.031 cm width to be beyond the 
velocity profiles as indicated by the "R's" in the reduced data. Calculation 
at these points would have required extrapolation instead of interpolation of 
the data; a risky procedure at best. The corresponding analytical predictions, 
as presented in Figure 4-7, do indicate the presence of velocity peaks within 
about 0.2 cm of both membranes. The velocity peaks near the outlet are about 5 % 

greater than the velocity at mid chamber. Similar comparisons are indicated by 
Figures 4-12 and 4-13 for a buffer flow rate of 30 ml/min and by Figures 4-18 and 
4-19 for a buffer flow rate of 40 ml/min. 

The reduced data for vertical centerline velocity at 20 volts/cm and 20 ml/min 
buffer flow rate is presented in Figure 4-8 and the corresponding analytical pre- 
diction in Figure 4-9. Here the analytical predictions show even higher velocity 
peaks near the membranes, as would be expected at the higher voltage level. Similar 
results are indicated by Figures 4-14 and 4-15 for a buffer flow rate of 30 ml/min 
and by Figures 4-20 and 4-21 for a buffer flow rate of 40 ml/min. 
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FIGURE 4-6 



fSiOMSi / If <3 S//107 i.S-A/VWtl/00 SOU./IV/VOilJLSI^ SVlSJflOfl 773A//VOOOW 


MOAC-SIL ELECTRO PHfiP LS IS ANALYSIS PROGRAM 
ORIGINATOR* D.W. RICH"4N 9/70 

PUN NO* 2, TEST r NGI NET * l f.n, WALXFP 

BUFFER FLOW 10*0 MI/MT9* INI FT TFHP 7,5 C 

FlHO S TRENGTH 9.8 V/CM 

BUFFER VERTICAL CENTER LT9 6 VFlflCITy 

WIDTH 



8.250 

• 1 34 7F ♦ 00 

0. 

0. 

0, 

0, 

c. 

0. 

0. 

0. 

0. 

0. 


0.225 

, 1 3 4 ?P ♦ 00 

.7795 F-01 

. 7 390 F -0 1 

• 73 4 1 F-0 1 

• 7 3566-01 

.74216-01 

.75046*01 

,75806*01 

.774OE-0L 

.0O43E-O1 

,13476*00 


8*200 

. 134 7C +00 

.125SFf 90 

• 1 7 74F 400 

,12616 *00 

.1260E400 

.12606*00 

,l?0*f *00 

.17926400 

.13216400 

,1374r*00 

♦13471*00 


0,150 

.1347F f00 

.1851 F*00 

.1875*400 

• 1 8 5 5F 400 

• 1 047E +00 

•1855E400 

.1869F400 

,10806400 

• 19 16E *00 

.1966F*00 

• 1 347f ♦ 00 


8.050 

.1347F *00 

• 7066 F* 00 

• 7094 E 400 

.20040400 

.20806 400 

• 2085 E*00 

• 7094F 400 

.2102F400 

,21266*00 

• 2176E *00 

.13476*00 

4* 

7.050 

,1347C*00 

•20546*00 

.7075c 400 

.2073F400 

.70736400 

.P076E400 

♦ 700 9 F 400 

.7O05F4OO 

.20956 *00 

,21176 *00 

.13476*00 

L 

7,219 

• 1 347E ♦ 00 

, >047E* 00 

• 2047 E 400 

.20636400 

.20636400 

. 2 066E 400 

.7069*400 

,7072*400 

• 2079E *00 

• 2093F *00 

♦1 347E*00 

00 

6,108 , 

• 1347P *00 

• 7 04 3 F ♦ 00 

, 70 57 F 400 

,70576400 

,7050 f 430 

.70606400 

• 704? F *00 

.20656400 

,70716 *00 

.20826*00 

.13476*00 


5.156 

• I 34 7F ♦ 00 

* ? 043 f *00 

* 7057 E 400 

•7057F400 

.2050 E 400 

.2060E400 

,20676400 

.70656400 

• 2071E *00 

.20026*00 

•1347F*00 


4,125 

* 1 34 7F *00 

♦ 704 1 F * 00 

.7057E+00 

• 20 5 7F 400 

• 20586 400 

.20606400 

.7067*400 

.7065E4O0 

.20716 *00 

.20826*00 

.13476*00 


3.094 

» 1 34 7E ♦ 00 

• 2043 F*00 

.2057E 400 

. 20 5 7E + 00 

• 2058E 400 

.70606400 

. ?06*F 400 

.70656400 

.20716*00 

, 2082E *00 

.13476*00 


, 2.0*3 

• 1 34 7F ♦ 00 

« 204 3 F* f>0 

•2057F+03 

,20576+00 

.20581 400 

• 2 060fc +00 

.7047^400 

.20656400 

«20 71t *00 

• 2062 F *00 

.13476*00 


1.031 

, 1 347F ♦ 00 

.204*6*00 

. 2042 F 400 

.20626*00 

« 2063E 400 

.2065E400 

,70606400 

.20726400 

,20 78E *00 

.20916*00 

.13476*00 


,430 

. 1 34 7 C *00 

• 2055 6* 00 

.20740400 

• 20 72 E *00 

, 2072E 400 

.20756400 

* 2079 E 400 

.20846400 

•2094E400 

•2115E*00 

.13476*00 


.200 

. 1 347E ♦ 00 

.2063 6* 00 

• 209? F 400 

• 20 B 3E 400 

, 2080E 400 

,20876400 

♦ 2099F 400 

• 2 1O0F 400 

.21356*00 

• 2189E *00 

.13476*00 


.100 

• 1347E *00 

.1 858E4 00 

• 1 990 E 400 

.10736*00 

.1870F400 

.18846400 

. 1906F400 

•1924E400 

.19736*00 

• 2065E *00 

.13476*00 


.050 

♦13476 *00 

•1201E4OO 

.1 309 E 400 

.12966400 

U299E*00 

,13 166*00 

. 1330F4OO 

.13566400 

, 14C1E*00 

.14876*00 

.13476*00 


.025 

. 1347F * 00 

♦74T7E-01 

.7*636-01 

• 76UE-01 

.76616*01 

• 7703 E*0l 

.79296*01 

.80516-01 

.03326-01 

,88696*01 

.13476*00 


0.000 

, 1 347F ♦00 

0. 

0, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


LENGTH 

0.00 

5.00 

10.00 

20.00 

40.00 

60.00 

80.00 

100.00 

110.00 

115.00 

120.00 



FIGURE 4-7 
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WOISI/IIO StrtO^M .IS'AIVVaWOO SOU/lV/VOttlSV' SV"f!>rtOO 773/V/VOOOiV 


8CAC-SII UlCTRlPHUMMS ^ AT A ^ rOHCTTON 
ORIGINATOR! O.W# RKHMAK 12/70 


PUN Ml, 1* Ti:u f NOTNf I P t C.P. W ALK f R 

8UFF1R PLOW 20.0 Hl/MIWp IMP T TFHp 7#? C 

fULO STRENGTH ?0. 0 V/TM 

0UFP I * VERTICAL CENTTRLTHF VELOCITY 

WIDTH 



0.250 

0.225 

8.200 

0.150 

0.050 

7.650 



[ 

7. 219 

• 1 3 05 F t00 

■1^ 

CD 

6. ida 

.1379EfO0 


5.156 

. 153PFK0 


4.125 

. 16 54 F f 00 


3.094 

• 1 71 7£ ♦ 00 


2.063 

.l712Ef00 


1.031 

.400 

.200 

.100 

.C$0 

.025 

0.000 

.614f»F*00 


LENGTH 0,00 5.00 10.00 20.00 

HEIGHTS > 0AT4 « R 



p** LENGTH 


♦12721 *0Q 

.1310E*00 

« 9895F-01 

R 

• 1 4 33C *00 

• 1 1 ?fi F*00 

.1164MOO 

R 

.l*37r *00 

. 1 4 1 1 1 + OO 

. t 390P *00 

.1096F+00 

■ 1 452 f ♦OO 

.1583E+00 

• 14 33F + 00 

.1306E*OO 

.1428F+OQ 

.17C4E+00 

•2440F400 

♦ 33 39F + 00 

. 202 IE *00 

. 3347E ♦ 00 

. 763 IF *00 

R 

• 2936E *00 

R 

R 

R 


40.00 60.00 BO. 03 100.00 110.00 - 115.00 


FIGURE 4-8 
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/voMSi/ua stno-g is-A/vt/dH/oo sounr/vovistr sinonoo 773/v/voaosv 


-p. 

f 

to 

o 


,4 Jfc 

If 


NDAC-STL B L6CTROPHOR6S IS ANALYSIS PR OGRAH 
0 P IG IN ATOP t O.W. RICHHAN 9/78 


£? **? 

0 


TEST ENGINEERi C.D.i WALKER 

10.0 Hl/MINf INLET TEMP 7.2 C 


RUN NO.' 3# 

BUFFER FLOW 
FIELD STRENGTH 20.0 V/CM 
BUFFER VERTICAL CENTERLINE VELOCITY 
WIDTH 


$ 


M 


8.250 

.13476+00 

0. 

0. 

0. 

0. 

0 . 

0. 

0. 

0. 

0. 

0 . 

6.225 

.13476+00 

♦ 0 5616*01 

.91726-01 

. 65 90E-01 

.03846-01 

.85196-01 

. 8795E-0 1 

.90096-01 

• 9891E-01 

.12076+00 

•1347F+O0 

8.200 

.13476+00 

• 15076+00 

.16156+00 

.14946+00 

. 14446 + 00 

. 2 462F+O0 

.15006+00 

.1 5436+00 

.17036+00 

• 2 1086 + 0C 

♦2347F+00 

6.150 

• 1 34 76 ♦ 00 

♦21776+00 

.23366+00 

•21766+00 

• 21006 + 00 

.2117 E +00 

. 21736+00 

.22146+00 

.24196+00 

.29586+00 

.13476+00 

9.050 

•134 7E +00 

■22206*00 

.23316+00 

.22616+00 

.22276+00 

• 2243 F +00 

.22806+00 

* 2309 E+0C 

.2430E+00 

•2732F+00 

. 13476+ CC 

7.Q50 

.13476+00 

.20716+00 

.21106+00 

.20966+00 

• 20896 + 30 

.20966400 

•2108E+00 

.21196+00 

.21545+00 

.22296+00 

.13476+OC 

7.210 

•13476+00 

,20316+00 

.20556+00 

.20506+00 

.20486+00 

.20526400 

.21^6 + 00 

.20646+00 

.20P16+00 

.21146+00 

.13471+00 

6.160 

.13476400 

•20236+00 

•20426* JO 

.2038F+C0 

.20376+00 

.20406 <00 

.2J456+J0 

.20506+00 

i206?E+00 

.20F96+0C 

.1347T+C0 

5.156 

.13476+00 

« 20236 + C0 

• 2042E 4)0 

•2Q36E+00 

. 20376+00 

.20406+00 

. 20456+jO 

.2 0506+00 

*20626+00 

.20096+00 

• 1347 F + 00 

4.125 

.13476+00 

.20236+00 

. 20476+00 

♦20306+00 

♦2037E+00 

.20406+00 

.2045600 

.20>CF+C0 

. 20626+00 

♦2089E+OC 

♦13476+00 

3.094 

.13476+00 

.20236+00 

•20426+00 

#20366+00 

.20376+00 

.20406+00 

.20456+00 

.20506+00 

♦20626+00 

. 2089E+00 

.13471+00 

2.063 

• 1347E +00 

.20236+00 

.20426+00 

.20386+00 

.20376+00 

.20406+00 

♦20456+30 

•2C506+0C 

• 20626+03 

.20896+00 

.13476+00 

1.031 

.13476+03 

•2031E+0C 

.20546+00 

.234 9E + 00 

.20476+00 

.20506+00 

.20576+30 

• 20636+CC 

. 2079F+00 

.21126+00 

.13476+00 

.400 

.1 3476+03 

.23696+00 

.21086400 

• 20946+00 

.20976+00 

.2J94E+00 

.21066+00 

.21 176+00 

.21526+00 

.22276+00 

.13476+00 

• 200 

.13476+00 

.22196+00 

.23356+00 

.22716+00 

.22436+00 

• 2267 E +00 

. 23 146 +00 

•23556+00 

♦ 24 97c +00 

.205 36 + 00 

•1347E+00 

• 100 

.13476+00 

.22716+00 

• 24 94 E + 00 

•23166+00 

•22496+00 

.23J26+00 

.24066+00 

• 2491E+00 

.26196+00 

.37206+00 

.13476+00 

.050 

.13476+00 

. 1711 E+OO 

.19176+00 

.17296+00 

.16756+00 

.17366+00 

•16456+00 

.19316+00 

•22686+00 

•31616+00 

.13476+90 

.023 

.13476400 

.10106+00 

.11306 +00 

•10326+00 

•IQIOE+OO 

•1055E+00 

.11276+00 

■11 656+00 

.13996+00 

♦ 19476 + 00 

.13476+00 

0.000 

#13476+00 

0. 

0# 

0. 

0. 

0# 

0. 

O. 

0. 

0. 

0# 

NGTH 

0.00 

5.00 

10.00 

20.00 

40.00 

60.00 

60.00 

100.00 

110.00 

115.00 

120*00 


20.0 100.0 
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FIGURE 4-9 


INVESTIGA TION OF THE report mdc 62000 

FREE FLOW ELECTROPHORETIC PROCESS V ^v^q 




wofsi/ira s/no 7 ‘Z 9 MfWJivoo soii/iv/vohisv 713/va/ooow 


I 

ro 


D AC — STL UECTRLPHOPf SIS DATA RCDUCTinN 
ORIGINATOR! O.U. RICH1AN 12/76 


RUN NO. At T^ST I NT TNFF^ t 
fiUfF ER PLOW 3 0*0 PI / f-?M » 

FIELD STRENGTH 0.0 V/ CP 

BUFFER VERTICAL CfNTFPl INR VFmciTr 

WIDTH 


C.l\ WALK F P 
I PL c T TCNP 6.3 C 


B.250 

B.225 

0.200 

0.150 

B.050 

7.050 






7.219 

*?6flfjrtco 

.2U9A£tOO 

• ?fl A7fc +00 

. 277 Ar f 00 

♦ 26 03F ♦ 00 

b . 1 H8 

«?795MGu 

. 279b F +00 

.20360*00 

.?<JPir+00 

•26P9P tOO 

5.156 

» 2929 F *00 

.2 B23E tOO 

.207At*3O 

• ?o??F+<W) 

.285BF+00 

A, 125 

< 2OB3E4C0 

.2B31E*00 

•2912L+00 

.?907FO9 

.2Q25E+00 

3.09A 

.3?29EtC0 

.2765E tOO 

.2876F *00 

. 315 *1 F *00 

. 2B29F+00 

2.063 

.3A7AF+00 

• 2 758 E 400 

•2769E+00 

. ?°90 F+OO 

.2811*400 

1.031 
.AGO 
. 20C 
.100 
♦ 050 
.025 
0.000 

.277AE400 

♦ 2 7A7E *00 

.2 731 E *00 

. 297 AE+OO 

. 28 16E+00 


LENGTH 


0.00 


5.00 


10.00 


20. OQ 


HEIGHTS > DATA ■ R 

◄ — G 

20.0 100.0 


AO .00 


60.00 


00.00 


100.00 


no. oo 


115.00 


120.00 


I 

» 

-41 












_ 

l ! 


[♦LENGTH 


■7.210 
I .031 


FIGURE 4-1 0 


INVESTIGA TION OF THE report mdc E 2000 

FREE FLOW ELECTROPHORETIC PROCESS MAY iq 7 q 



rvotsi/iict si/107 'xsM^raivoo soij.ntrtyoJttJ.str str~tonoa 1 73 /v/vo aow 


MDAC-STt 6LECFRDPHOR6S IS ANALYSIS PROGRAN 
ORIG rNATOR t D,W. RICHMAN 9670 

RUN NO. 4» TFST CNG1HFFU C.D. WAIKFP 

DUFFER FLOW 15.0 HL/HINp I NL FT TF*P 6,9 C 

FIELD STRENGTH 0.0 V/ CM 

BUFFER VERTICAL CFNTERlIRF VriOCHY 

WIDTH 



e .250 

, 2 O 20 F ♦ 00 

0 . 

0 . 

0 , 

0 , 

0 , 

0 . 

0 , 

0 . 

0 . 

0 . 


8,275 

, 20 ? 0 r *00 

« l 050 F ♦ 00 

. 105 ?F «03 

• 1 0 56 E *00 

• IC 5 BE 400 

. 1062 F 400 

.10656490 

.10696400 

.10726 400 

•10766400 

•20206400 


8,200 

• 2020 M 00 

• 1601 €♦ 00 

. 10 O 3 E 4 OQ 

. 1 B 06 E 400 

. 1 0 1 IE 400 

.10166400 

• 1821 F 490 

, 1 8 26 F 400 

• 1 0 31 E 400 

♦18376400 

.20206400 


0,150 

, 2020 F ♦ 00 

.26566400 

. 2 & 50 M 00 

,26636400 

• 2667 E *00 

. 26716*00 

, 26 ? 5 F 4 00 

,26796400 

,26836400 

, 2691 E 400 

•20206400 


8.050 

• 2020 F *00 

♦ 3036 F * 00 

.3050 MOO 

• 30 52 E *00 

• 3056 E *-00 

« 3056 E 4 Q 0 

. 3053^400 

• 3061 F *00 

.30656400 

. 3 O 75 MO 0 

. 20206*00 

4 ^ 

7,850 

• 2 Q 206 *00 

, 307 ? F* 00 

• 3096 F *00 

, 3097 F +00 

, 3099 t 400 

• 3 lOOf * 00 

• 3 1 0 2 F 400 

.31066400 

• 3 l CD 6 400 

• 31 20 E 400 

.20206400 

1 

AO 

7,219 

• 2020 c ♦ 00 

.30006400 

, 3096 F *00 

• 309 0 F +00 

,31006 *00 

_• 3 1 01 f *00 

♦ 31 0 36 400 

, 3 1 06 F ♦ 00 

, 31 C 9 E 400 

, 31216*00 

, 20206*00 

fO 

6.108 

. 2020 F f 00 

. 3 079 F ♦ 00 

. 1 O 95 M 00 

,30966 *00 

• 3 O 90 F 4 OO 

, 30991*00 

• 31 0 1 F 400 

. 3 I 03 F 400 

. 31 C 66400 

• 311 7 E 400 

. 2020 F 400 


5,156 

, 2 Q 20 F 4 00 

• 3077 F ♦ 00 

. 30956*00 

• 30966 4 00 

, 309 BE *00 

.30996400 

, 3 1 0 1 F *99 

,31036400 

.31066400 

.31176400 

,20206400 


6.125 

• 20 Z 0 F 4 00 

• 3 07 ? E 4 00 

•30956 *00 

. 3096 E +00 

• 309 BE 400 

.30996400 

• 3101 F 490 

•31036400 

• 31 C 6 E 400 

.31176400 

• 2 C 2 C 6400 


3,096 

, 2020 E *00 

, 3 07 ? 6 + 00 

• 309 5 E +00 

, 3 O 06 E *00 

, 309 B 6 *00 

. 30996*00 

,31016490 

,31036400 

• 3 1 C 6 E 4 00 

•31176400 

. 202 CE 400 


2,063 

, 2020 F ♦ 00 

, 3 079 6 4 00 

. 3095 F +00 

, 3096 F +00 

.3090 E 400 

,30996400 

• 3101 F 400 

. 3103 F 400 

♦ 3 L 0 f 6400 

.31176400 

.20206400 


1.031 

. 20 Z 0 P 4 00 

, 307 ? 6400 

, 3096 E +00 

. 30906*00 

, 3099 E *00 

• 3 1 C 1 E 400 

,31036400 

.31056400 

, 31 C*F 400 

.31206400 

• 2 C 20 F 400 


,600 

♦ 20206400 

« 3073 F 400 

, 3095 E +00 

• 30966 400 

.30986400 

• 3 100 E 400 

.31026490 

• 31 06 6 400 

. 3107 E 400 

•31186400 

• 20206+00 


,20 0 

. 20205 «*00 

, 3036 ft 00 

. 3050 E *00 

. 3053 E 400 

• 30556 *00 

.30576400 

•30696400 

,30626400 

« 30 fcfct 400 

. 30786+00 

• 2 C 206 + 00 


• 100 

• 2020 C *00 

• 2 655 64 00 

• 2662 E tOO 

. 2667 E 400 

. 2673 E 4 Q 0 

.26796400 

♦ 26 S 5 F 400 

« 2691 F 400 

.26966400 

,27056400 

• 20206+00 


• 050 

« 20206 f 00 

•18016400 

• 1806 E 400 

, 10 1 3 F 400 

.18226400 

,18306400 

• 1837 F 400 

,10 646400 

.10506400 

•18576400 

• 20206+00 


• 025 

,20206400 

. 1053 F 400 

.1056 E *00 

« 10 59 E 400 

,10666 *00 

•10736400 

.10796400 

• 10*36 400 

• 1067 E 400 

.10926400 

•20206400 


0.000 

• 2020 E 400 

0 , 

0 , 

0 , 

0 . 

0 , 

0 . 

0 , 

0 . 

0 . 

0 . 


LENGTH 

0,00 

5,00 

10,00 

20,00 

60,00 

60,00 

90,00 

100.00 

110,00 

115.00 

120.00 


* — G 

20,0 100,0 

FIGURE 4-1 1 



(“►LENGTH 


INVESTIGA TION OF THE R EP0RT M DC E2000 

FREE FLOW ELECTROPHORETIC PROCESS V ° L v^o 




tUOtSi/lta s/noi US-A/Vl/JWOO SO#-l./lt//WO»i.St/ SV19/700 *7 13/W/VOOOlfV 


<£> 

I 

fO 

CO 


MCAC-STL itECTRLPHOM SIS DATA RFDUCTHIN 
ORIGINATOR* D.W. RICH*AN 12/78 

FUN NO. 5> TCST F^^l^FF**! r.fl, UALKER 

fiUFFfcR FLOW 7C.C PL/KTN* INI FT T r *P 6.7 C 

F If 1 0 STRENGTH 10,1 V/ CM 

DUFFER Vf RT 1C AL CENTFPLINF VELOCITY 

WIDTH 


8,250 
8.225 
8.200 
8. 150 
8.050 
7.850 
7,217 

, 2853F *00 

, 2636 £ *00 

-.1176E+0I 

, A0A1F4OO 

.297AE+00 

6.1B8 

, 29 30 E +C0 

. 2659L *00 

« 2 591 E + 00 

. 3?79FnO 

,3A90r+OO 

5,156 

• 30 ?6F ♦ GO 

.267CF+00 

.2616E+00 

,3181F*00 

• 3752 F +00 

A. 125 

, 3013 E +00 

♦ 26A7E *00 

• 2 566 E *00 

,30806+00 

.36006+00 

3. GOA 

• 29 A5E+C0 

.2615 E 400 

• 2 A98 F + 00 

. 301 AF+00 

• 3690E+00 

2.063 

.268CE + 00 

.25038*00 

♦2+926*00 

, 3 20 0F + 00 

• A1 05E + 00 

1,031 

R 

R 

R 

R 

R 

• A00 
.200 

♦ 100 
• C50 
,025 

0.000 







LENGTH .0,00 5,00 10,00 ?0.00 AO, 00 60.00 *0.00 100*00 

hEIGHTS > DATA - R 

< — G 

20,0 100.0 



FIGURE 4-12 


110.00 115.00 120.00 
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-» S. M 

05 m o 
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to — o 



JVOISMIO StflO“M 'IS-AWdfMrOD SOU/lt^WOlllSr 773WOOOW 


MOAC-STL lUCTPUPHCtiUSIS ANALYSIS PPOGRAI 
ORIGINATOR I O.W. RICHMAN 9778 

RUN NQ. 5, TEST FNGJsrm (MU VAL^EP 

BUFFER FLOW 15.0 Hl/MIN. INLET T6*P 6.7 C 

FIELD STRENGTH 10.1 V/CM 

BUFFER VERTICAL CFNTFRLI9F VUPCITY 

WIDTH 



8.250 

. 20206 ♦ 00 

0. 

0. 

0. 

0. 

0. 

0. 

0. ( 

)• 

0. 

0. 


B.225 

. 20206 *00 

.1 074 F+ 00 

•1085r*00 

. 108!F*00 

,10836*00 

•1089F*00 

.10986*00 

• 1 1 04F *00 

.11196+00 

•11466+00 

.20206+00 


6.200 

. 2020F * 00 

• 1 853 F * 00 

.18496*00 

. 18506*00 

.18576*00 

.18656*00 

• 1 8 7 7F *00 

.18886+00 

.19146+00 

.19656+00 

.20206+00 


9.150 

• 20?0 C ♦ 00 

• 2730F ♦ 00 

• 2756 F *00 

.2738E*00 

.27316*00 

.27386*00 

.27516*00 

.27616+00 

♦ 2794F *00 

.28626+00 

. 2020 E +00 


8.050 

.20208 ♦ 00 

•3074F* 00 

.31 07 E *00 

.30986*00 

. 3094 F *00 

.30996*00 

. 31086+00 

.31156*00 

.31 3EE +00 

.31906+00 

.20206+00 


7.850 

.20208*00 

.3097F+0C 

* 3 1 06 F *00 

.31056*00 

.31056*00 

. 3 1 OB £ +00 

. 3t 12 E *00 

.31176+00 

.31276+00 

♦3153E+00 

•20206+00 

■£> 

1 

7.219 

»2020 c *00 

• 3074 F * 00 

♦30956*00 

.30066*00 

.30976*00 

. 3099F*00 

• 3107F *00 

.31066*00 

.31126+00 

.31306+00 

• 2020F + 00 

to 

4* 

6.166 

.2020F *00 

. 3 071 F * 00 

.3091 F *00 

.30916*00 

.30926*00 

.30946*00 

. 309 7f *00 

.31006+00 

.31056+00 

.31216+00 

*20201+00 


5.156 

. 2020F *00 

.307? E* 00 

.30916*00 

. 30916*00 

.3C92C *00 

.30946*00 

.3097F+00 

.31006+00 

.31056*00 

.31216+00 

♦2020F+00 


4.125 

.20206*00 

« 1 07? F* 00 

.30916*00 

.30916*00 

.30926*00 

.30946*00 

, 309 +F *00 

.31 00E *00 

.31056+00 

.31216+00 

.20206*00 


3*094 

.2020P *00 

.307? f. 00 

♦ 309TF *00 

.30916*00 

* 309? E *00 

• 3094 F *00 

, 3097F+00 

.31006+00 

,31056+00 

.312H +00 

► 2020 E 4 00 


2.063 

.20206 *00 

• 3 072 F + 00 

.30916*00 

♦30916*00 

• 309? C *00 

.30946*00 

♦3097F *00 

• 3100F +00 

.31056+00 

.31216+00 

• 2020 6 +00 


1.031 

.20206 *00 

. 3074 F*00 

,30956*00 

•3095F *00 

.30966*00 

• 3098 1 ♦ 00 

. 3 101F +00 

.31056*00 

.31116+00 

.31296*00 

•2C20F+00 


.400 

.20206*00 

♦ 3081 6*00 

.11056*00 

.31046*00 

.31046*00 

.31076*00 

.31116+00 

.31166+00 

.31256+00 

. 3 150 E *00 

♦202CE+00 


.200 

.2O20F *00 

.30726*00 

.31066+00 

.30986 *00 

.30956*00 

• 3102 E*00 

.31126+00 

. 31 22 F +00 

.31 40E *00 

.32046*00 

.20206*00 


.100 

.20206*00 

♦ 2 738 F*00 

.27736*00 

.27566+00 

.27536*00 

.27676*00 

. 278 OF +00 

.28056+00 

.28526+00 

.29446+00 

.20206+00 


.050 

. 2020F + 00 

.18786*00 

.19066*00 

, 19 94 E *00 

,18976*00 

« 19 146*00 

.19366+00 

.19546+00 

.19966+00 

*20826+00 

.20206+00 


*025 

.20206 +00 

.10966*00 

.11156*00 

.11106+00 

.11156*00 

.11286+00 

. 1142F +00 

.11556+00 

.11826+00 

♦12366+00 

.20206+00 


0.000 

t 

.20206 *00 

0 . 

0. 

0. 

0. 

0. 

0 . 

0. 

0. 

0. 

0. 


LENGTH 

0.00 

5.00 

10.00 

20.00 

40.00 

60.00 

80.00 

100.00 

110.00 

115.00 

120.00 
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MDAC-STL ULCTRCRHOkESIS OMA RFIHJCTTflN 
' H ORIGINATOR* D.W. RICKMAN 12J7B 

RUN NO# 6. Tf$T t NOT rc ? t C.P. WALK F R 
BUFFER FLOW 30*0 Mt / MT N ♦ TNlfT TPMP 6*3 C 
F I£ L 0 STRENGTH 20.2 V/CM 
BUFFER VERTICAL CfNTERLINF VMnCTTY 
VIOTH 
8.260 
* 8*225 
B.200 
8 * 1*0 
8*050 
7.850 


7.219 

• ? 34 lfc 4 C 0 

♦ ? 472 L *00 

*? 1 70 £ 400 

* 1965 r 400 

. 1 B 52 F 400 

6 . 1 ri 8 

. 2442 F 4 C 0 

• 2432 F 400 

• ? 1 666 400 

• ??9 4 F 400 

♦ 31 30 F 400 

5.156 

• 2516 E+C 0 

. 2433 E 4 Q 0 

. 2331 E 400 

• 2406 F 400 

• 2793 F 400 

4.125 

. 2552 E+O 0 

. 2469 E +00 

.23498400 

. 2430 P 400 

. 3 1 21 F 400 

3*094 

• 2523 E 400 

*25 34 E 400 

• 2359£*00 

• 2335 F 400 

• 3270 F 400 

2*063 

• 2466 E 400 

. 2604 E 400 

. 3801 C 40 Q 

. 1233*401 

-. 3790 F 400 

1.031 

ft 

R 

P 

R 

R 


• 400 

.200 

♦ 100 
*050 
.025 

0.000 

LENGTH 0.00 5.00 10.00 20.00 40.00 60. OG 80.00 100.00 

HEIGHTS > DATA • P 


G 

20.0 ioo. a 


£ 

O 

» 

JL 
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[-►LENGTH 


FIGURE 4-14 
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/vo/si/wo sino'i xs->t/vv«i*i/oa sou/iwottisr svianoci n3\ivoao*v 


, MDAC-SIL tUCTROPHUfif SIS ANALYSIS PROGRAM 

ORIGINATOR! D.W. RICHMAN 9T78 

RUN NO* 6 > TEST 6NGINFH I C.D. WALK F R 

BUFFER FLOW 15.0 ML/HIN * INLET TEMP 6,3 C 

FIELD STRENGTH 70 .2 V/CM 

BUFFER VERTICAL CENT FR L I 'I F VELOCITY 

WIDTH 



0.250 

. 2O20F + 00 

0. 

0. 

0, 

0. 

0. 

0. 

0. I 

0. 

0 . 

0. 


0.225 

.2020' +C0 

• 1 195 F ♦ 00 

.12556*00 

. 1206* +00 

.11666 *00 

« 1200 F * 00 

.1226F+00 

.12666*00 

.13206 +00 

.15366*00 

.20206+00 


6.200 

•2020F ♦ 00 

.2003 F* 00 

• 2 1 96 F *00 

.20836*00 

• 20 38 F *00 

.20566*00 

•2100E+00 

.71336*00 

.22866+00 

.26666*00 

.2020E*00 


0.150 

. 202 OF >-00 

.30276*00 

♦31056*00 

♦ 30 3BE *00 

.29696 +00 

.29076*00 

♦ 306 1 F + 00 

.30796+00 

. 3273E+0Q 

.37766*00 

.20206*00 


0.050 

• 2070E ♦ 00 

. 3 706 F* 00 

* 33 1 5 p *00 

, 32556*00 

.37266*00 

.32396*00 

* 3276T+00 

.33026*00 

.36166+00 

.36966*00 

.20206*00 


7.850 

. 20?OF *00 

• 3 091 F* 00 

• 3 1 36 F *00 

. 31 ?7 6 *00 

♦31166*00 

.31236*00 

•31366*00 

.3166^*00 

.31766+00 

.326R6+00 

.20206*00 

1 

7.219 

• 20?0 C + 00 

. 3058 F*00 

.30056*00 

.30076*00 

. 3080 E *00 

. 3086 1 *00 

.30906*00 

.30966*00 

.31116*00 

.31666+00 

.202CE+00 

26 

6.160 

. 20? OF ♦ 00 

. 3052 C * 00 

,30766*00 

* 30 73 F *00 

.30726*00 

• 3Q7!>F*0O 

. 3O0OF *00 

•3085F+00 

.30976+00 

.31776*00 

.20706+00 


5*156 

. 20206 + 00 

.305? F*00 

.30766*00 

■ 30 73F +00 

.30776*00 

.30756*00 

♦3000^+00 

. 300 5F +00 

.30976 +00 

* 3126E *00 

.2 020 b * 00 


A. 125 

. 2020F ♦ 00 

♦ 305? 6*00 

.3076F *00 

. 3073F+00 

.30726*00 

• 3075 E*00 

. 3O0OF+OO 

.30006*00 

.30976 +00 

• 3 126 E *00 

.20706*00 


3.09* 

* 20706 + 00 

« 305? F*00 

.30766*00 

• 3073F ♦ 00 

•3072b *00 

.30756*00 

•3O0OF*OO 

• 3085 E *00 

.3097E+00 

. 31266 *00 

. 2020t *00 


2.063 

. 2020F ♦ 00 

. 3 05? F * 00 

« 3076 F *00 

.30736*00 

.30726*00 

.30756*00 

• 308 0 P *00 

* 3005 F *00 

.30976+00 

» 3127E *00 

.20706*00 


1.031 

• 202QE ♦ 00 

.3057F*00 

• 300 5 F *00 

.30016*00 

.30796*00 

.300 3 £*00 

.30096+00 

• 3096 F *00 

•3109F+00 

.31666*00 

•2 02C E + 00 


♦ 600 

.2 02 OF *00 

• 3093 F* 00 

•31326*00 

•31206*00 

.31166*00 

.31216*00 

• 31 3?E *00 

.31636*00 

.31766+00 

» 326 6E *00 

•2C2GE+00 


.200 

• 202 Of *00 

.3707**00 

• 3322 E *00 

.32656*00 

•32606*00 

.32636*00 

•3307F*00 

.33656*00 

•3676F+00 

•38066*00 

• 2020F *00 


• 100 

• 2020 e *00 

•3125F*90 

•33616*00 

.31 756*00 

.31106*00 

•31616*00 

.32616*00 

.33666*00 

.36556+00 

.66926*00 

•20206*00 


• 050 

.20206*00 

.23036*00 

.2500 E *00 

.23176*00 

•22666*00 

.23236*00 

. 2629F*00 

.25166*00 

.28386+00 

.36836*00 

♦ 202064*00 


*025 

•20206*00 

. 13596*00 

• 168 A E *00 

•13796*00 

•1 357E*00 

•1601 E*00 

•16716*00 

. 1529E *00 

.17376*00 

•22666*00 

•20206*00 


0.000 

• 20206*00 

0 . 

0 . 

0, 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 


LENGTH 

0.00 

5.00 

10.00 

20,00 

60.00 

60.00 

80.00 

100.00 

no. 00 

115.00 

120.00 
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MOiSt/Ua SI/107 US - A/VtUIVOO SOMnrWOtflStr Sr 79/100 773/V/VOOOW 


A 

I 

ro 

•vl 


RUN NO* 7, TEST ENGINEER * 
BUFFER FLOW 60.0 
FIELD STRENGTH 0*0 V/CN 
BUFFER VERTICAL CENTEUIHE 
WIDTH 
fl.250 
8*223 
8*200 
8*190 
8*050 
7*850 
7.219 
6*166 
3*156 
6*123 
3.096 
2*063 
1*011 
*600 
;zoo 
• 100 
*030 
*023 
0*000 

LENGTH 0*00 5.00 

HEIGHTS > DATA • ft 

* G 

20*0 100.0 


HOAC-STL ELECTROPHORESIS DATA REDUCTION 
ORIGINATOR* D.W* RICHKAN 12/76 


c*o* walker 

I ML FT TEMP 6.9 C 
VELOCITY 


*. 19 72E *00 
*355eEf00 
.3668F400 

• 3699 E +00 
« 3680F fOO 

♦ 3357E *00 
. 3662E *00 


10.00 


20.00 




1 

1 




o 

r 



±. 





[-►lenoth 



7*210 

1.031 


.6239E+00 
.3708Ff00 
. 37916*00 
•3863E+00 
• 3799E 400 
.3606E fQO 
.35606*00 


.37886*00 
.39666*00 
*3061 E+00 
• 3956 EtOO 
*3 8686*00 
.39066*00 
♦60326*00 


60.00 


FIGURE 4-16 


* 39 1 2E ♦DO 
♦3993F*00 
•3977F+00 
■61716*00 
.*105E*00 
.39166*00 
.381 86*00 


60.00 


.39*36*00 
♦39996*00 
# 3796E *00 
•39306*00 
•39616*00 
.39336*00 
. 60336*00 


80.00 


100*00 


110*00 


115*00 


120*00 


INVESTIGA TION OF THE report mdc E2000 

FREE FLOW ELECTROPHORETIC PROCESS vlf* 



FVOMSM/UCM Sinon 'isM/vvkfivoa soiinrA/oMxsv strionoa n3/v/vooj*v 


HDAC-STL ELECTROPHONES IS ANALYSIS PROGRAM 
ORIGINATOR* 0,U. RICHMAN 9778 

RUN NO. 7* TEST ENGINEER i C.D. WALKER 

BUFFER FLOW 20.0 PL/MIN* INLET T6NP 6.9 C 

FULO STRENGTH 0.0 V/CM 

BUFFER VERTICAL CENTERLINE VELOCITY 

WIOTH 



fl.250 

♦26386*00 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


8.225 

.26986*00 

. 1 390F ♦ 00 

.199*6+00 

.18016*00 

.18056+00 

.18096+00 

.18186+00 

•1818E+00 

.18216+00 

.18276+00 

.26986+00 


8.200 

. 2 69 8E *00 

* 2 3986*00 

• ?800E + 00 

.28026+00 

.28006+00 

• 2 8 18 E+00 

.28196+00 

.28256+00 

.28306+00 

.28386+00 

.26986+00 


. 8.150 

•25986*00 

• 1 58 IE ♦ 00 

.35676+00 

.35896+00 

.35536+00 

.35576+00 

.35616+00 

•3566E+00 

.35706+00 

.35616+00 

•26986+00 


0.050 

. 2 698F ♦ 00 

.80876*00 

.60706+00 

♦ 897 3F + 00 

.8075E+00 

.80776+00 

.80796+00 

.80826+00 

.80866+00 

•8106E+09 

.26986+00 


7.850 

• 2 698E *00 

.81026+00 

.8 1 TOE + 00 

.81336+00 

.81356+00 

.81376+00 

.81396+00 

•81836+00 

.81886+00 

.81696+00 

•26986+00 

1 

7.719 

♦2698c *00 

.8108^+00 

.81326+00 

.81386+00 

.81386+00 

.81306+00 

.8181E+00 

.81886+00 

.81896+00 

♦81 70E+00 

.26986+00 

N) 

00 

6.109 

• 2 6986 ♦ 00 

♦81016*00 

.81286+00 

.81306*00 

.813tE+00 

.81336+00 

.81356+00 

.81383+00 

♦81816+00 

.81616+00 

.26986+00 


5.156 

.2698E *00 

. 8101F+00 

.81286+00 

.81306*0 0 

.81316+00 

.81326+00 

.81356+00 

.81376*00 

.81816+00 

.81616+00 

.26986+00 


8.125 

•26986*00 

.81016*00 

.812*6+00 

.81306+00 

.81316+00 

.81326+00 

.8135F+O0 

.81376+00 

.81816+00 

.81616+00 

.26986+00 


3.0*8 

• 2698E +00 

.8 101F+00 

.8129F+00 

.81306*00 

.81316+00 

.8 1 32E+00 

• 81 356+00 

. 81376+ 00 

.81816+00 

.81616+00 

•26986+00 


2.063 

.76986*00 

.81015+00 

.81266+00 

.81306+00 

.81316*00 

.81336+00 

.81356+00 

.81396+00 

.81816+00 

.81616+00 

♦26986+00 


1.031 

. 7 698F *00 

.81036*00 

.81316*00 

.81986*00 

.81386+00 

.81376+00 

♦81806+00 

.81836+00 

.8188F+00 

.81686+00 

.26986+00 


.800 

•26986+00 

.81016*00 

.8J29F+00 

.81326*00 

. .81336+00 

.81355+00 

♦813BF+00 

.81816+00 

.81866+00 

•8166E+00 

.26986+00 


.200 

.26986+00 

.80866*00 

.80706+00 

.80736*00 

.80756+00 

.80776+00 

.80806+00 

.80886+00 

.80086+00 

.81086+00 

.26986+00 


.100 

.2698E+00 

.35816*00 

.35896+00 

. 35586+00 

.35616+00 

.35696+00 

.35786+00 

♦35816+00 

.35876+00 

•36006+00 

•26986+00 


.050 

•2698E+00 

• 2 3986 +00 

*2 803E+00 

.28106*00 

.28216+00 

♦28316+00 

•28806+00 

.28886+00 

.28556+00 

.28656+00 

.26986+00 


.025 

• 2698E +00 

.13976+00 

.18016+00 

♦18076*00 

• 1815E+00 

.18236+00 

.18306+00 

.18356+00 

.18806+00 

•18886+00 

•26986+00 


0.000 

.26986+00 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


LENGTH 

0.00 

5.00 

10.00 

20.00 

80.00 

60.00 

80.00 

100.00 

110.00 

119.00 

120.00 
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OR IGIHATOt t D.W. RICH4A* 12/78 


RUH N1. 8# TEST fcWftrMFE»l C.P. walker 

•OFF!* FLOW A 0 #0 HL/HIN t I Ml FT TEHF 6.9 C 

FIFLO STRE6GTH 10,? V/CH 
•tftfEt VERTICAL CfHTERt I M F VELOCITY 

WIDTH 

• •290 

• •229 

• •200 

• •190 

• •090 
7*090 


7.219 

« 34 70F 4-00 

.3M6E+00 

.3T83t*00 

•5119E*00 

.Z293Ef00 

6.1B9 

• 35 34E + 00 

• 377<.t*00 

,3B5?E*00 

•A056F+70 

♦3776F+00 

9.196 

. 3654E ♦OO 

• 3601 i +00 

.3853E+00 

.4125F*03 

.3569^00 

4.129 

♦3691EA00 

• 3770EO0 

•3832E*00 

.4C94F *00 

*3 589E*00 

1.094 

•3618E400 

.374?E*i>0 

.38006*00 

• 4079FO0 

• 3A5AC.OO 

2.061 

•3445F+00 

.3675E400 

.3633E+00 

.3220F*00 

♦1007F+00 

1.011 

.3389E400 

•3501 E *00 

.16331*01 

*21 94F fOO 

•5653E*00 



5.00 


10.00 


20.00 


AO. 00 


60.00 


00.00 


100.00 


no.oo 


'119.00 


120.00 


FIGURE 4-18 
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/VOISI/1 fO S/HOl 'IS'A/VVdWOO SOU/IW VOMJ.&X/’ SI/ "1 0/700 


HDAC-STL ELECTROPHORESIS ANALYSIS PROGRAM 
ORIGINATOR t O.U. RICHHAN 9/Tfl 

RON NO. 8. TEST ENGINEER * C.O. WALKER 

BUFFER FLOV 20.0 NL/NIN. INLET TEMP 6.9 C 

FIELD STRENGTH 10.2 V/CN 

BUFFER VERTICAL CENTERLINE VELOCITY 

WIDTH 


8*250 

.>6940+93 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.225 

. 2694,0400 

•1428E+00 

• 1 4405 + OC 

.1436E+00 

•Z449E400 

.14486*00 

.1457*409 

.14660+00 

.14830+00 

.15176+00 

.26946+00 

8.203 

.26940+00 

.24600400 

•240OE+OO 

.24680+00 

.24680400 

« 2 4786+00 

• 2493E400 

.25060+00 

• 2 536E + 00 

.25966+00 

.26946+00 

8. 150 

.26940400 

.36260400 

.36590400 

♦36390+00 

• 3M16+00 

.3640*400 

.36550400 

.36666+00 

.37066+00 

.37866+00 

.26946+00 

0.050 

.2694040 0 

.49800400 

.41340400 

.41250400 

.41200400 

♦41250400 

.41360400 

.41456+00 

.41726+00 

.42396+00 

.26946+00 

7.850 

.2694E400 

. 4 l 0404 CO 

.41406400 

.41400400 

.41390400 

.41436400 

.41486400 

.41540400 

.4 167E +00 

.42036+00 

.26946+00 

7.219 

» 2694^ + CO 

. 4096E400 

.41230+00 

.41296+00 

.41300400 

.41330400 

.41340400 

.41416400 

.41496+00 

.41776+00 

.26946+00 

6.H8 

.26940*0) 

.40920+00 

.41230430 

• 4123E+00 

♦41240400 

.4127F400 

♦41306400 

.41346+00 

.41416+00 

.41666+00 

.26946+00 

5.154 

.26740400 

.43920+00 

.41MF + 00 

♦41230400 

.41740400 

.41266409 

♦ 4 1 300 400 

.41340400 

♦41416+00 

.41666+00 

♦26946+00 

4 .125 

♦2694E+00 

.40920 + 00 

♦41230400 

♦4123E4O0 

• 4 t 240400 

♦4126E+00 

.4130*409 

.4134E400 

.41416+00 

•41666+00 

.26946+00 

3.09* 

.26940400 

• 409204 CO 

.41230400 

•4123E+00 

.41240400 

.41260400 

.41306400 

.4134E409 

.41410+00 

.41666+00 

.26946+00 

2.0M 

♦ 2694E *00 

.40920400 

.41230400 

♦41230*00 

.41240400 

.41270400 

.41300400 

.41346400 

.41416+00 

•41666+00 

.26946+00 

1.031 

.2 6940400 

.40950400 

« 4 1270+00 

.41280400 

.41296400 

.4132 E 400 

.41350400 

.41400400 

.41486400 

.41756+00 

.26946+00 

.<00 

.26940400 

.41030+00 

.41300400 

.41330400 

♦ 41 33 c 400 

.41416400 

• 4 1 466 4-00 

.41526+00 

.41646400 

.42006+00 

♦26940+00 

.200 

.26940400 

.40050400 

.41320+00 

.41246400 

.6121*400 

.41280400 

.41410400 

.41520+00 

• 4 1 82E+00 

.42546+00 

.26946+00 

.100 

♦2694F400 

. 14350+00 

.36790+00 

.36600400 

.36590400 

.36756400 

• 3699E+00 

•3719E+00 

.37726+00 

.38796+00 

.26946+00 

.050 

.26940*00 

.2 491H + 00 

.25250+00 

.25130*00 

.25186*00 

.25336+00 

♦2563E+00 

•25Q5E+00 

.26356*00 

.27326+00 

.26946+00 

♦ P?5 

.2694F+00 

.14540+00 

.14770+00 

.14720400 

.14806+00 

• 1 495E 400 

il5126+00 

.15266+00 

•15586400 

•16206+00 

.26946+00 

0.000 

.26940+00 

0. 

0. 

0. 

0. 

04 

0. 

0. 

0. 

0. 

0. 

LENGTH 

0.00 

5.00 

10.00 

20.00 

40.00 

60.00 

80.00 

100.00 

110.00 

115.00 

120.00 


4 — 6 

20.0 100.0 
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«un no. 9. Trsr fnriiNfrp« c.n. whk*r 

I JfftR FLOW 69 # C Ml/KTN, JNL f T T*HP 6.8 C 
MHO STRENGTH 20.7 V/C* 

SUFFER VERTICAL C6NTF RLIW F VflOCITY 
WIDTH 


1.250 

1.225 

1.200 

1.150 
1.050 

7.150 
7.210 



*31 F 6 F *00 

6.188 



.3701 6 *00 

1.166 



•38676 * C 0 

6.121 



.38616*00 

1.006 



•36036*00 

2.063 



.31366400 

.,1.011 



.6189 F 400 

.600 




.200 




*100 




.060 




.021 




0.000 




length 

0.00 

5.00 

10.00 20.00 

MIGHTS > 

oata • n 



4 — 

6 




80AC-SU ELfcC TRfPMORCSI $ OATI RFOUCTfON 
ORIGINATOR I O.W. SICMHAN 17/70 


•3700 E 490 

.3347 L 400 

• 3633 T *00 

.23616*00 

•35566*00 

• 3538(400 

.33906 *00 

.31916*00 

•36266400 

•36706*00 

.36786*00 

.36676*00 

.3626 E 400 

.36556*00 

.35*66*00 

•36066*00 

•35121400 

.36676*00 

.33806*00 

.33616*00 

•35666400 

•36616*00 

•37166*00 

.17006*00 

« 

1 

0 

R 

60.00 

60.00 

80.00 

100.00 


20*0 100.0 
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NDAC-STl ELECTROPHORESIS ANALYSIS PROGRAM 
• ORIGINATOR* D.W. RICHHAN 9/TB 

RUN NO. 9, TEST ENGHCERt C.O. WALKER 

BUFFER FLOR > 0.0 FL/IIN* INLET TFKP 6.B C 

FIELO STREKGTH ?0.P V/CP 

BUFFER VERTICAL CENTERLINE VELOCITY 

WIDTH 



6.259 

.26945+00 

0. 

0* 

0* 

0. 

0. 

0. 

0. 

0. 

0. 

0 . 


6.225 

.26046*00 

*16576+00 

♦16256+00 

.15736+00 

.15596+00 

.15796+00 

.16126+00 

• 1 6386+00 

.17336+00 

•19656+00 

.26946+00 


0.200 

.26946+00 

.27236+00 

.28445+00 

. 2 7246 + 00 

♦26905+00 

.27066+00 

,27605+00 

.28016+00 

.29756+00 

• 3402F+00 

•26946+00 


9# 150 

.26946*00 

*3 972E* 00 

.41 526+00 

.39916+00 

.39146+00 

♦3937E+00 

.40OIE+0O 

.40476+00 

.42686+00 

•40296+00 

•26946+00 


6.050 

.?6946+00 

•4243E+00 

•4332E+00 

.43156+00 

.42906+00 

.42976+00 

.43306+00 

.43726+00 

.45046*00 

.40336+00 

•2694E+00 


7,950 

. 2694F^OO 

.4U5E + 00 

.41 756*00 

. 41 62 E + 00 

.41566+00 

.41636+00 

.41776+00 

.41915+00 

.42306+00 

•4324F+00 

•2694F+00 

1 

Cxi 

7,210 

.26946+00 

*40756*00 

*41176+30 

.41135+00 

.41116+00 

.41166+00 

.41236+00 

.41316+00 

.41506+00 

•42006+00 

•26946+00 

(O 

6*169 

.26946+00 

.40676*00 

.41045+00 

.41016+00 

*41006+00 

•41046+00 

.41106+00 

•41166+00 

•41325+00 

•41736+00 

•26946+00 


5.156 

*26946*00 

.40676+00 

♦41046+00 

•41016+00 

.41006+00 

.41046+00 

.41106+00 

.41166+00 

•41316+00 

•41735+00 

•26946+00 


4.175 

• 2 694E *00 

.40676+00 

.41046+00 

.41016+00 

.41006+00 

.41046+00 

.41106+00 

•41166+00 

.41316+00 

•41736+00 

•26946+00 


3.004 

, 2 694F 400 

.40676+00 

.41046+00 

.41016+00 

.41006+00 

•4104E+00 

.41106+00 

•41166+00 

•41316+00 

.41716+00 

•26946+00 


2*063 

,26946 *-(10 

*40676+00 

.41046+00 

.41016+ CO 

.41006+00 

.41046+00 

.41106+00 

•41166+00 

.41326+00 

.41736+00 

•26946+00 


l.ou 

*26946 ♦O) 

.40746+00 

.41146+00 

.41126+00 

.41106+00 

.41146+00 

•41226+00 

.41296+00 

• 4 148E+00 

.41976+00 

•26946+00 


*400 

.26946+00 

*41136+00 

*41736+00 ‘ 

.41606+00 

.41535+00 

.41616+00 

.41756+00 

.41806+00 

.42276+00 

.43206+00 

•26946+00 


*200 

*26946 *00 

.42446+00 

•43096+00 

.43296+00 

.43006+00 

.43276+00 

.43796+00 

.44256+00 

•4579E+00 

.49646+00 

, .26946+00 


, 100 

* 76946 +0Q 

.40056+00 

.43396+00 

*41656+00 

.4096E+00 

.41596+00 

.42776+00 

.43736+00 

•4726E+00 

.56746+00 

•26946+00 


*050 

*26946+00 

.29756+00 

.32146+00 

.30306*00 

.29796+00 

.30536+00 

•31766+00 

.32756+00 

.36505+00 

•46046+00 

*26946+00 


*025 

.2694F+00 

♦17556+00 

.19096+00 

.16076+00 

♦17996+00 

•10436+00 

.19266+00 

•19926+00 

•22355+00 

•29406+00 

•26946+00 


0.000 

.26946+00 

0* 

0* 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0 . 


LENGTH 

0.00 

5* CO 

10*00 

20.00 

40.00 

60.00 

90.00 

100.00 

110.00 

115.00 

120.00 
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The second nine tests given in the Figure 4-3 Task 1.0 Test Matrix used dye streams 
to determine horizontal centerline velocity. The reduced data for horizontal 
centerline velocity at 0 volts/cm and 20 ml/min is presented in Figure 4-22. The 
expected value of horizontal centerline velocity with no field applied is 0.0 cm/sec. 
From the reduced data, the predominant order of magnitude of the data is 10 -4 
cm/sec. This is larger than the analytically predicted values found in Figure 4-23. 
It is apparent from the test data that the magnitude of the values represent the 
limit of accuracy for the test method. Similar results are shown in the 0 volt/cm 
data presented in Figures 4-28 and 4-29 for a buffer flowrate of 30 ml/min and in 
Figures 4-34 and 4-35 for a buffer flowrate of 40 ml/min. 

The reduced data for horizontal centerline velocity at 10 volts/cm and 20 ml/min 
buffer flowrate is presented in Figure 4-24. Here the horizontal centerline veloci- 
ties appear to be grouped abouta value of about 2x10 ^ cm/sec. With voltage 
applied, the electrophoretic mobility and the el ectroosr;otic return flow cause 
the dye streams to deflect toward the anode. This deflection is pictured at 
a buffer flowrate of 40 ml/min in Figure 1-7. The deflection causes all of the 
points at 1.031 cm and three of the points at 2.063 cm are outside of the first 
dye stream near the cathode, as indicated by the "O.'s" in the reduced data. 

The points were zeroed instead of extrapolating the test data, which would 
have been unreliable. The corresponding analytical predictions are presented 
in Figure 4-25. Here the horizontal centerline velocities within the reduced 

data field are nearly constant about 2 X 10 - 3 cm/sec toward the anode and the 

velocities decrease to zero at the membranes. Because of the magnitude of the 
measurement errors, as indicated by the scatter with no applied field as shown 
in Figure 4-22, no conclusions can be drawn with respect to trends of the data. 
Similar results are shown in Figures 4-30 and 4-31 for a buffer flowrate of 
30 ml/min and by Figures 4-36 and 4-37 for a buffer flowrate of' 40 ml/min. 

The reduced data for horizontal centerline velocity at 20 volts/cm and 20 ml/min 
buffer flowrate is presented in Figure 4-26 and the corresponding analytical pre- 
diction in Figure 4-27. Here the analytical predictions show increased horizontal 
velocities, as would be expected at the higher voltage level. Similar results 
are shown by Figures 4-32 and 4-33 for a buffer flowrate of 30 ml/min and by 

Figures 4-38 and 4-39 for a buffer flowrate of 40 ml/min. 
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N04C-ML LLECTRCIHORESIS D*T3 »EDUCTimi 
ORIGINATOR i O.V. R1CH1AN 12/79 


RUN Nf). 10. TEST FNGINFF*! C.T). WALKER 

flUf F t R FLOW 70,0 n(*\H* INLET T?Hf» 9.2 C 

F If 10 STRENGTH 0.0 V/CH 

BUFFER HORIZONTAL CENTER. INF VELOCITY 

.WIDTH 


■fc. 

9.290 

9.229 

9.200 

9.150 

9.050 

7.950 





f 

CO 

7.2X9 

0. 

.40508-03 

0. 

0. .11106-02 

■Fv 

6.199 

.2763E-02 

.4543C-Q3 

-.54991-03 

-.11921-03 .40561-03 


5.156 

.2932E-Q2 

•4012E-03 

-.65541-03 

-• 4404T-03 -.30UE-03 


4.125 

. Z711E-02 

•3459E-03 

-.6564E-03 

-.5041E-03 -.5074E-03 


3.094 

.17456-02 

•Z57iE-03 

-.53471—03 

-.90391-03 — . 3015E— 03 


2.063 

•14 TIE-02 

•3449E-0J 

-.19156-03 

-.3959E-03 -.90941-03 


1.031 

* 400 

• 200 
• 100 

• 050 

• 025 
0.000 

•75S7E-03 

0. 

C. 

0. -.15 30E-03 


LENGTH 0.00 

WIDTHS OUTSIDE DATA • 0 

* — G 
20.0 fOO.O 


9.00 


10*00 


20.00 


AO. 00 


60.00 


00.00 


100.00 


110.00 


119.00 


120.00 
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FIGURE 4-22 


Cj 


£ 

Cj 

£ 

S3 

2 

1 

& 

Tl 

3 

C> 

2 

§ 

Co 


§ 

o 

Si 

03 

Tl 

3 


3 ) 
m 
-o 
O 
X 
H 

< 2 
2°S 

> n o 

K § m 
-* s. to 
to m o 
_ o 
to — o 



/vo/$//i/a s//?oi -xs-A/vtrdM/oo so#J.r»r/vo«isir ssrionoo 7i3A/woaa»v 


HDAC-STL £L ECTR0PH0R6S IS ANALYSIS PROGRAM 
QR f GINATOR I O.W. RICHH AN 9/70 


4^ 

I 

U> 

an 


RUN NQ. 10, TEST ENGINEER! C.D. WALKER 
BUFFER FLOW 10.0 HL/MIN# INLET TEMP 0.2 C 
FIELD STRENGTH 0.0 V/CM 
9UFFE* HORIZONTAL CENTERLINE VEIOCITT ‘ 

WIDTH 


8.2*0 

0. 

0. 0. 

0. 

0. 

0, 

0. 0. 

0. 

0. 

0- 

8.2*5 

0. 

— .4 4 966—03 — . 10566-05 

,51716-06 

•44466-06 

0. 

-.32206-05 *24626-04 

•24726-04 

.47166-03 

0 

8,700 

0. 

-./820E-C3 -.30506-05 

.10316-05 -• 7037E— 07 

0. 

• 1667JE-04 .67976-05 

.76856-04 

.77706-03 

0 

«. 1*0 

0* 

-.1203 £-02 — .4478E— 06 

.BL54E-06 

.27806-05 

0. 

.32126-04 .37416-04 

•59936—04 

•11596-02 

0. 

8.0*0 

0. 

— .7 9286—03 .21456-05 

.4916E-06 

.36886—05 

0. 

.60676-04 .16636-03 

.27126-03 

•20206-03 

0, 

7.850 

0. 

« 1 365E-03 .15696-05 

. 1 86 6E-06 

•11116-05 

0, 

-.56506-05 -.12656-04 

-.15736-04 -.15076-03 

0. 

7.219 

0. 

.9273E-04 .1000E-05 

• 11 1 7E-06 

.94306-06 

0, 

-.65706-05 -.9687E-05 

-.18446-04 -.96626-04 

0, 

6.1 83 

0. 

.?0S5E-0$ .07596-06 

.541 6E-07 

•44906—07 

0. 

-.43676-05 -.94816-05 

-.15246-04 -.94826-04 

0, 

6.156 

0. . 

♦9076E— 04 .87556-06 

♦5349E-07 

.43456-07 

0. 

-.43536-05 -.94666-05 

-.15216-04 -.94726-04 

0< 

A. 125 

0. 

-.13116-09 .622 4E-08 

-.1143E-IQ 

,16306-10 

0. 

,28806-10 — • 694 86-10 

.10066-09 

.13976-09 

0, 

3,09$ 

0. 

-♦9^766-04 -.87556-06 

-.53496-07 -.43456—07 

0. 

,43536-05 .94666-05 

.15216-04 

•94726-04 

0. 

2.063 

0. 

-♦9085fc-04 -.91346-06 

-.54096-07 — • 4500E— 07 

0. 

* 4366E-0 5 .94816-05 

*15246-04 

.94826-04 

0. 

1.031 

0. 

-.9250F-O4 -.19026-04 

-.12866-06 — , 94336-06 

0. 

♦65766-05 .96036-05 

.18446-04 

.96526-04 

0< 

,$00 

0. 

-.M62F-03 -.1735t-Q4 

-.2229E-06 -.1133E-05 

0. 

• 566'8E-05 .12656-04 

.17006-04 

•1508E— 03 

0< 

• 200 

0. 

•2837E-03 -.3H06E-O4 

— * 10116-05 — , 2672E — 05 

0. 

— , 6026E— 04 -.16806-03 

-.2391E-03 -.27,76-0, 

0. 

.100 

0. 

.11 93F— 02 .3?6?F-04 

— • 3061F-05 -,24?5E-05 

0. ■ 

-.32106-04 -.35736-04 

-.1182E-03 -.112,6-02 

0, 

.050 

0. 

.7/46E-03 .7473 E — 06 

-.34226-05 -.94736-06 

0, 

-.18096-04 -.54636-05 

— », B25E— 0, -.75,76-0, 

0. 

.025 

0. 

. 4 5236-03 — • 1 0296-05 

-.16836-05 

.12976-06 

0. 

-.10486-05 -.24336-04 

.30616-06 -.,6566-03 

0< 

0.003 

0. 

.0. 0. 

0. 

0. 

0, 

0. 0. 

0. 

0. 

0< 

NGU 


0.00 5.00 10.00 

20.00 

40.00 


60.00 ,60.00 100.00 

110.00 

115.00 



4 — G . 

20.0 100.0 
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FIGURE 4-23 
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KOAC-STl ELECTROPHORESIS DATA REDUCTION 
OR IS I NA TOR I O.W. RICHNIH 12/79 

RUN NO. 11. TEST ENGINEER* C.D. WALKER 
SUPPER FLOW 2C.0 NL/N1N. INLET TENP 6. A C 
FIELD STRENGTH 9.9 V/CK 
SUFFER HORIZONTAL CENTERLINE VELOCITT 
WIDTH 



8.290 
8.225 
8.200 
8.150 
8.050 
7. 850 






1 

CO 

7.219 

, 3351E-C2 

• 34 52E-02 

.4284**02 

. 4551E-0 2 

•180P8-0? 

O) 

6.168 

. 367ZE-02 

;?752E-32 

♦2152E*02 

• 17578-02 

.12588*03 


5.156 

.4897E-C2 

• 2333F *92 

.189GE-32 

•1700E-92 

.1902E-93 


4,125 

.4687E-02 

. 2325E-02 

•1728E-02 

♦1385S*0? 

•3127E*03 


3.094 

*43181: *02 

•2568E-02 

«2005E*02 

•1533E-02 

•64308*03 


2.061 

.39005*02 

•2872E-02 

0. 

0. 

0, 


1.911 
.490 
.290 
• 100 
.950 
.025 
0.000 

0. 

0. 

0. 

0. 

0. 


LENGTH 0,00 9.09 10.39 23. CO A0, 00 60.00 80.00 100.00 

WtDTHS OUTSIDE DATA • 0 


20.0 < 00.0 
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FIGURE 4-24 
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MOAC-Ut. FL E C TROPHOR FS I S ANALYSIS PROGRAM 
ORIGINATOR* O.W. RICHM6N 9/79 

pon hi, it* r-si c. 9 , ' 4 M<fp 

RUTftN F L Ov# 10*0 ULMlv, I N I l t i r ip r.a c 

FIrU) SH6NGTK 9.0 V/C.* 

dUFFM H JR I ZON I AL rjurfUlM VILOCITY 

WIOH 


d , ’50 

). 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0, 

0. 

0. 

8.225 

0. 

77476-04 

, 3 t 9? e-03 

.16746-03 

, 3599P-03 

♦ 30486-03 

, 36398-03 

,38766-03 

.36836-03 

.87156-03 

0. 

e.?oo 

0. 

-.7*481-04 

.'>072f-Q3 

,67B0F-03 

,69336-03 

,70456*03 

.71156*03 

.77166-03 

.75406-03 

,13736-02 

0. 

9* 1 *0 

0. 

. 749*» r-OA 

. i irrr-Q? 

<111 3fc - 02 

, J 1056*02 

,11 10C-0? 

, 1 1 36 * -02 

, 1 196 6-02 

.1771 F-02 

.2057F-02 

0. 

9,000 

0, 

, L714F-02 

.14cWc-0? 

.1386^-02 

.14766*0? 

*14536-02 

.14656-02 

.14596-02 

.16046-02 

.15706-02 

0. 

7.85J 

0. 

.20846-02 

.2007! -02 

.199R[>02 

.19796-02 

.1 973C-02 

♦19756-02 

.19796*02 

.1963F-02 

♦18436-02 

0. 

7.719 

1* 

,?079i -02 

,199*. -0? 

» 2 00 Jfc-02 

.70126-02 

,70126-02 

.70086-02 

. 2009 F-02 

, 1 996F-0? 

. 19466-02 

0. 

6.1 fM 

0. 

.707NF-02 

,?017«--07 

• 20 1 6F-02 

.70178-02 

,70 1 ^ 6-02 

.2009F-02 

,19976-02 

.19866-0? 

.19576-02 

0. 

5 . 1 5 U 

0* 

.7071 r-o? 

•7010E-07 

♦2O09F-O’ 

, 701 OF — 02 

.70096-02 

, Z007E-02 

,2005 E— 0 2 

.20056-02 

.19446-02 

0. 

4,1^ 

0. 

♦ 1 9T6F -C7 

.70HF-02 

♦ >0306*02 

.2010F-02 

.70126-02 

.20116-0? 

,20146-0? 

.20766-02 

.20106-02 

0, 

3.<W4 

0. 

.1 ?24 f ~C? 

• 7 01 76-02 

.20028-02 

,70116-02 

.70146-02 

.70156-02 

•20206-0? 

• 2 03 66-0? 

,71006-02 

0. 

7.00 3 

0. 

* l 9? 5 6-0? 

.7Q09E-92 

♦70796*07 

• 70HF-02 

.20116-02 

.20166-02 

.70166-02 

.70176-02 

.21046-02 

0. 

1. HI 

J. 

.19236-0? 

.2OO7r-02 

♦70096-02 

.20116-02 

.20116-02 

.2017F-02 

.70366-02 

.20326-02 

.21146-02 

0. 

.400 

.)• 

, 1 H3(K -02 

,19656-02 

• 1 96 1 fc *07 

»l978t-02 

. 19076-07 

. 1996f-02 

. 1972E-02 

,20176-02 

.21296-02 

0. 

.£00 

0. 

.16506-02 

.1426F-92 

,14156*02 

,14796-02 

.14PF-02 

.13966-02 

.13966-02 

.13126-02 

.13066-02 

0. 

, 100 

0. 

•2077F-02 

. 1 0936-02 

. 1097E-02 

.11076-0? 

.11076*02 

.10786-02 

,10026-02 

♦94126-03 

.24446-03 

0. 

.053 

0. 

,14376-02 

,6493b-03 

,71656-03 

.69496*03 

,68906-03 

,66206-03 

.66226-03 

.64876-03 

.32396-04 

0. 

.025 

0. 

• .87406-03 

.37978*03 

.32116-03 

. 3605 F-03 

.36596-03 

.35706-03 

,35346-03 

.32066-03 

-.74066-04 

0. 

0.000 

0. 

0, 

0. 

0. 

0. 


0,' 

0. 

0. 

0, 

0. 

LENGTH 


o.o; ( 5,00 

10.00 

20.00 

40,00 

60.00 

80.00 

100,00 

110.00 

115.00 



20,0 t 00*0 


ff 

o 


I < 

a 


7.210 
I .031 


[-►LENGTH 


FIGURE 4-25 
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FREE FL OW EL ECTROPHORETIC PROCESS 
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I 

CO 

CO 


HDAOSTL ELEC TPOPHORE SI S DATA REDUCTION 
ORIGINATOR! D. W» PI CNN AN 12/79 


RUN NO. IZf TEST ENGINEER! C.O. WALKER ' 
BUFFER FLOW 2C.0 ML/MIN# INLET TEMP 6.2 C 
FIELD STRENGTH 20.0 V/CH 
BUFFER HORIZONTAL CENTERLINE VELOCITY 
WIDTH 
8.250 
8.225 
9.2J0 
6.150 
8.050 
7.850 
7.219 
6.168 
5.156 
6.125 
3.096 
2.063 
1.031 
• 600 
• 200 
.100 
.050 
.025 
0.100 

LENGTH 0.00 5.00 10.00 

WIDTHS OUTSIDE DATA • 0 

* — G 

20,0 100.0 


.niss-oi 

•6833=-r2 

.52G6F-02 

.66528-02 

•7779E-02 

.66m*02 

0. 


. 6675E-02 
. 6 223E-02 
•6321E*Q2 
.63638*02 
. 50838*02 
0. 

0 . 


.62078-02 
.35668-02 
•2666E-0 2 
•311PE*02 


. 6396E-0 2 
. 6095E-12 
.33738*12 
.63568*02 


♦6606E-02 

.562«E-12 

•5767E-02 

0. 

0. 

0 . 

0. 


20.00 


60.00 


60.00 


60.00 


100.00 


110.00 


115.00 


120.00 





1 

1 

* 

Jl 



1 


— J 



J 



[•+• length 


7.210 
I *031 


FIGURE 4-26 
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I 

CO 

CD 


KJ1AG-$TL CLrCTflClPHn«eSlS ANALYSIS PROGRAM 
f]R I GI N A rt)K I D.W. KICHHAN 9^70 

®U*I MO. !>• TfSf CHQfM^I-kl C.O. WAUF* 

3UH6i< h L □ 4 10*3 Kl/SIM. 1NLFT TEMP d . ? C 

FIELD 5 THbNGTH 70.0 V/C** 


eUfFrR HORIZONTAL CibJ £ bi V*f VFIOCITY 
WIDTH 


8*250 

0. 

O* 

C. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

4.224 

0* 

.35206-03 

• 7 93 3* 1 -03 

.79116-01 

.75R7E-03 

.7580F-03 

« 7 757 c -03 

.79356-03 

.8954E-03 

• 1 250E-O2 

0. 

8*200 

0. 

.94736-03 

. 15?0t-02 

. 15206-02 

• 1 48 1 E-0? 

.14426-02 

.15216-02 

.15936-02 

.17816-02 

.70446-02 

0. 

8.150 

0. 

.l'<C5i--02 

.27696-02 

.23456-02 

.73776-02 

.2 3906-02 

.24446-02 

.25356-02 

.30206-02 

. 2 5 38 6-02 

0. 

8.053 

0* 

.3 3906-02 

.32156-02 

, 29676-02 

» 30035-02 

.30246-0? 

• 30596-02 

• 3 1 3 0E-O2 

• 3 266E-02 

.20616-02 

0. 

7. 053 

0# 

.4159C-T? 

.40776-02 

.4029T-0? 

.40HE-02 

•40386-02 

.40136-0? 

.40496-02 

• 4 05 3F -0? 

. 30676-02 

0, 

7.7H 

0 * 

. 4 3»7*>02 

.4074E-02 

. 4 J 7 tiJ -0> 

.40756-0? 

. 4 0 74f -02 

» 40 7 3F -02 

.4059F-O? 

.40A5C-02 

.40716-02 

0. 

6. m 

). 

.4U7F-0? 

.40716-02 

.40576-02 

♦40*86-02 

.40746-02 

.40 77F-02 

.40796-02 

.40686-02 

• 40 35 E-02 

0. 

5*155 

0. 

• 4 1006-0? 

.40NOF-02 

.40716-0’ 

♦ 4 06 7 C -0 2 

.40686-02 

.40716-02 

.40726-02 

♦4074E-02 

. 4O40E-O2 

0. 

4.125 

0* 

*4039t-0? 

* 4 07 1 F -02 

. 40m-0’ 

♦4044&-0? 

. 4 067F -02 

.40736-02 

.40796-02 

.4096F-0? 

. 4 1Z3E-02 

0. 

3.994 

0. 

.3 ^7? t -0? 

•4073C-02 

.40786-02 

♦ 4068E-02 

.40696-02 

.40776-02 

.40046-02 

.41096-02 

• 4 2066-02 

0. 

2.063 

0* 

.3 9N56-C? 

.407JC-02 

•43736-0’ 

*40756-02 

.4075F-02 

.40786-02 

.40956-02 

.40876-02 

.47096-02 

0. 

1 .Oil 

0* 

.3963F-02 

.40736-02 

• 40736-02 

.4071^-0? 

•4077 c -02 

.4043 c -02 

.40976-02 

.41246-0 2 

.42346-02 

0. 

* 400 

0. 

. 3 ** 5 1 E — C? 

.399-H-02 

.4O33t-02 

.404*6-0? 

.40546-02 

.40646 —02 

.40666-02 

.4120P-02 

.44676-02 

0. 

• 200 

0. 

*269ttk-02 

♦28046-0? 

. 10756-02 

♦3030S-02 

.30436-02 

.30906-02 

.31176-02 

.29766-02 

.51316-02 

0. 

• 100 

0. 

.29?7f-G? 

.23196-02 

. 2622E-02 

.24796-02 

.25146-02 

.25236-02 

.230IE-O2 

.19746-02 

‘.45126-02 

0. 

.050 

0. 

.197^-0? 

.15826-02 

. 16806-02 

.15826-02 

• 1 5056-02 

• 1 6186-02 

.16126-02 

.13916-02 

. 2398E— 02 

0. 

.025 

0. 

• 1 1 V0E-0? 

.84056-03 

> 06526-03 

.42596-03 

.03046-03 

.04516-03 

.03206-03 

.78136-03 

.10356-02 

0. 

C.000 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0* 

0. 

0. 

LENGTH 


0.00 5.00 

10.00 

20.00 

40.00 

60.00 

80.00 

100.00 

110.00 

115.00 

120.00 



J-* length 


FIGURE 4-27 
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PUN NO# 13# TEST PNG INTER t C.D. WALKER 
BUFFER FLOW 30 #0 HL/MIN, INLFT TEKP 6 
FIELO STRENGTH 0.0 V/ CM 
BUFFER HORIZONTAL CENTERLINE VELOCITY 
WIDTH 
0 #250 
8.225 
8.200 
8.150 
8.050 
7.850 

f 7.219 

O 6.188 

5.156 
A. 125 
3.094 
2.063 
1.031 
.400 
.200 
.100 
• 050 
.023 

0.000 . 

LENGTH 0.00 4 ^ 3.00 10.00 

WIDTHS OUTSIDE DATA #0 V V ? 

H 



(^LENGTH 


KOAC-STL UECTRCPHORLSIS DATA REDUCTION 
ORIGINATOR I O.W. RICHMAN 12/78 

7 C 


0. .6922 E -03 0. 0. 0. 

.5761E-02 .8343E-03 -.9036E-03 -.7416F-03 -.1874E-02 

• 5355E-02 .7588 E-Q 3 -.834ZE-03 -.8295E-03 -.2167E-02 

* 52 388-02 .8323E-03 -.8357E-03 -.1061F-02 -.2568F-02 

.50018-02 . 7044 E *03 -.977QE-03 -.H22F-02 -.2196E-02 

•4785E-02 .35410*03 -.6667E-03 -*5841E*03 -.27180*02 

.29560-02 0. 0. 0. -.2581F-02 


20.00 40.00 60.00 80.00 100.00 


FIGURE 4-28 


110.00 115.00 120.00 
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< c m 
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M AC-5 TL FtFCTP OPHOR f SIS ANALYSIS *PnORAM 


PUN NO. 13/ TF<T fMMhrrp i' c # r, mukfP 
BUIFIP FLOW 15.0 HUMINr IMl c T f r M p 7, 
FULO S T«f NOTH 0.0 V/CM 
BUFFER HORIZONTAL CF^T F®L l M F VFLOCTTV 
WIDTH 

OR 1 0 1 N AT OR i D 

.9 C 

< W , RKHWAN 9/78 



b, 25 0 

0. 

0. 0, 

0. 0. 

C. 

0. 0. 

0* 0. 

0. 

tf i225 

0. 

-.4"7^-03 17731-05 

.A619F-C6 ,59306-06 

C. 

, 3166F-04 • 6320F-05 

.10346-04 .66916-03 

0. 

0.200 

0. 

-.1169F-02 -.38556 -05 

.909? 6-06 .12236-05 

C. 

.5021 6-94 .3904E-04 

♦ 1 3 22E-03 .11616-02 

0. 

8.150 

0. 

-.16946-0? -P9076-04 

• 6892 E-Go , 1C96E-05 

c. 

. 7971F-0 4 .098BE-O4 

.20176-03 .17306-02 

0. 

0.050 

0. 

-.53P F-03 .5504F-O5 

♦ 5034F-06 • 3 fcBb£ -06 

c . 

• 606>F-9 4 .1 5706-03 

•4210E-O3 .43306-03 

0. 

7.850 

0. 

» ?09 3 F- 03 .4173F-05 

• 20 39 E-06 • 1 G33f -06 

0. 

— , 9034F-O5 -. 10096-04 

-.25686-04 -.22076-03 

0. 

7.219 

0. 

,1*476-03 .2551E-05 

.1217F-06 .50096-07 

0, 

7?0 3E-05 -.11 10F-04 

-.33726-04 -.14246-03 

0. 

6. 1H8 

0. 

.134*6-03 

.5691F-C7 . 4 357b -07 

0. 

«-.7t6**-95 — • l 0966—04 

-.3335F-04 -.13976-03 

0. 

5.156 

0. 

.1341F-93 .?4*7F-05 

,54506-0/ • 4 320 E -0 7 

0. 

-* 71 5 1 F-3 5 -* 1094F-04 

333CE-04 -, 1 396E-03 

0. 

4. 125 

0. 

-.24096-09 ,15001-09 

.H0O2E-U - • 1 900 L -10 

c. 

P449F-10 -. 17346-10 

.12096-09 .2267F-C9 

0. 

3,094 

0. 

-.1341 6-03 -,?4*76-05 

-.55586-07 - • 4 3?0 b -07 

0. 

,71516-05 .1094F-C4 

,33306-04 .13966-03 

0. 

2'. 06 3 

G. 

-.134*6-03 -.?4?9E-05 

-.5596F-G7 -,434fE-07 

c. 

,716?F-15 .10956-04 

.33256-04 • 1 397E-03 

0. 

, 1.031 

0. 

-.1345F-03 -,*4096-06 

1 ? 3 36-06 - ,5960b -0 7 

c. 

♦ 7P79F-0 5 .U10F-04 

.33716-04 .14236-03 

0. 

.4000. 

>0376-03 -.47196-95 

-•?2 47F-06 -.11256 -06 

c. 

,90416-05 , 10006-04 

.2569E-04 .22136-03 

0, 

• 200 

0. 

.5333P-03 -.9B90F-05 

-.19086-05 -.65996-06 

c. 

-.53996-04 -.15676-03 

-.42116-03 -.40716-03 

0. 

.100 

0. 

, 1 696 F- 9? -.1445F-05 

-.305*6-05 -.23746-05 

0. 

-» 76B9F-04 -.08346-04 

-.1904E-O3 -.16706-02 

0. 

.050 

0. 

,1167 P-02 .21036-04 

-.33976-05 - .25 74E-Q5 

c • 

-.50096-04 -.37946-04 

-.13026-03 -• 1151E-02 

0. 

,025 

0. 

.6063 6-03 .?8446-04 

-.1473F-C5 -.12606-05 

0. 

-.31516-94 -.57536-05 

-.09556-05 -.72076-03 

0. 

0.000 

LENGTH 

0. 

9. 

0. 0. 

00 5.00 10.00 

0. 0. 

20.0 0 40.00 

0. 

0. 0. 

60.00 00.90 100.00 

0. 0. 

110.00 115.00 

0, 


5 

m s 
^ C3 


5 

C) 

s 

S3 

3 

O 

3 

Q) 

*1 

5 

g 

% 


3 

s 

o 

C> 

>1 
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120.00 


20.0 tOO.O 
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[“►LENGTH 


* 7.210 
I .031 


FIGURE 4-29 
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NOAC-STL GLECTRPPHPRESIS DATA REDUCTION 
ORIGINATOR I D • W« RICHHAN 12/79 


RUN NO. 16 # TFST ENGINEER i C.D. WALKER * 
BUFFER FLOW 30.0 fll/HJN# INLET TE HP 6.9 C 
FIELD STRENGTH 10.1 V/CH 
BUFFER HORIZONTAL CENTERLINE VELOCITY 
WIDTH 
0.250 
B .225 
0.200 
e.i 50 
0.050 
7 . *50 
7.219 
6.168 
5.156 
6.125 
3.096 
2.063 
1.031 
.600 
.700 
.100 
.050 
• 025 
0 .C 00 

LENGTH 0.00 5.00 10.00 

WIDTHS OUTSIDE DATA - 0 

« G 

20.0 100.0 


.6 R30F-02 
.5569E-32 
.62106-02 
•6987E-02 
.60 66 £-02 
.56500-02 


. 2 985E-02 
.27136-02 
•2663E-02 
•2625E-02 
.26966-02 
. 2B63E-02 


20.00 






£ 

o 

ft 

JL 











(-►length 


• 3 121 E-0 2 
•1660E-0 2 
•1 375F-02 
.9600F-D3 
.I60CF-O2 
. 2716E-02 


. 2692E-12 
.19036-0? 
•66666—03 
•6939E-03 
.21866-02 
0. 

0. 


. 1597F-02 
. 5117E-05 
-.63696-03 
.1326E-06 
.52296-03 


60.00 


60 .00 


00.00 


100.00 


110.00 


115.00 


12C.00 


‘7,210 
I .031 


FIGURE 4-30 
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HD AC-S Tl FUCrPtlPHURFSlS ANALYSIS PROGRAM 
ORIGINATOR t O.W. RICIAN 9/7B 

RUN NIJ. 1 A i TF3T l N r » ! N f.r. TALKER 

DUFF * P f ion 15.0 ml/kih, TNI r T T-mp 5.* C 

FIELD STRFNGTH 10.1 V/fH 

BUFFER HOP I 2f!NT AL CF^TFRL I *> F VfinrfTY 


WIDTH 



b.?50 

0. 

0. 

0. 

0. 

0, 

C. 

0. 

0. 

0. 

0. 

0. 


0.2?5 

0. 

-.11 M F-03 

■ .33921-03 

. 32B4E-03 

•3564b -03 

.34746-03 

• 34 54F-93 

.39546-03 

.41 30E-03 

• 1061 E-02 

0. 


B. 200 

0. 

-.U"lF-03 

.6704F-03 

. 65 ?C f -03 

. 66856-33 

.69096-03 

. 698 4 F— 0 3 

• 75 Q?F -03 r 

• B 1 58E -03 

.17646-02 

C. 


b, I 50 

0. 

-.3*93 '-03 

.10946-0? 

.J109E-C2 

.I144E-02 

.11366-02 

.1141F-02 

.12216-0? 

.13536-02 

.2456F-02 

0. 


B.C50 

0. 

. 1 090 F-0? 

.1441 F-02 

.1396E-C2 

.1371 F-02 

.14266-32 

.14B1F-0? 

♦ 1457E-0? 

• 163CE-02 

• 15626-02 

0. 


7.050 

0. 

.^n?F-o? 

.10416-02 

• 19 336-02 

.1944 E-02 

• 1 9 36E-0? 

. 1 92 3F-02 

♦1920F-0? 

• 1 9 CCf -02 

.17636-02 

0. 

1 

7.219 

c. 

.2061 F-0? 

. 1945 r-o^ 

. 1 96 5 F -02 

.19471 -02 

« 1 9 55£ -02 

» 1 96*F~')2 

.1960F-0? 

• 1953E-Q2 

• 1 86? F -02 

0, 

-43 

6. lUB 

0 1 

.205’r-Q? 

.1971 F-0’ 

.1960F-U2 

.19711 -02 

. 1 9 73E-02 

. 1 9636-1? 

. 1940F-0? 

.19476-02 

.1B61E-C2 

0. 

5.15b 

c< 

.20*' 4 6-0? 

• 1 9 5 ‘1 E -0 2 

♦ 196? F -02 

.15611-02 

♦1957F-02 

.1957F-9? 

.19606-0? 

.19416-02 

• 1 071 b-02 

0. 


4.125 

0. 

♦ 1 941 c-0? 

, 19546-0’ 

. 19 71F -C2 

.14536-02 

.19516-0? 

.1959E-32 

.19746-02 

. 1 9 f 3E -02 

.19956-02 

0. 


3.094 

0. 

.1 ° 2 9 F - n ? 

• 1 9566-0? 

. 19726-02 

• 19 57F -02 

• 1 9 57fc-0? 

. 1 R6*F -3 2 

.19016-02 

.19&9E-02 

.21106-02 

0. 


2.063 

0, 

. 1 '-0? 

.J944F-0? 

.19576-02 

.1 979t-02 

.19796-02 

. 1974F-02 

• 1 970 F -02 

.1996 F-02 

. 2098 E-02 

0. 


1.031 

c, 

.1H2HF-0? 

.196BF-02 

.1961 E-02 

.19576-32 

.19716-02 

• 1 90 3F-0 2 

. 1971 E-02 

.19796-02 

.21216-02 

0. 


.400 

0. 

.1 751 C-9? 

♦ 1906 F -02 

. 194PE-C2 

.14446-12 

♦ 1 9 3fl L-02 

.19376-9’ 

.19506-0? 

.19636-02 

* 2 174 f-02 

0. 


.200 

0. 

.I637F-02 

•134*6-0? 

• 139? e -Q2 

• 1 4 24 E -J2 

.1 393 E-02 

• 1 34 7F-02 

. 1 3 32 F -02 

.1239E-02 

.14176-02 

0. 


.100 

0 . 

.2 491 F-0? 

. 10 76 b -02 

* 1103C-02 

. IC51E -02 

. 1 Ob 5 6-02 

.10946-0? 

• 9*9? F-03 

•6433E-03 

-.50706-04 

0. 


♦ 050 

0. 

.1 7936-0? 

.44 546-03 

♦ 67 65 E-0 3 

.6H52E-03 

.69176-03 

.69B1F-03 

• 70 75E-03 

•579CE-03 

-.25506-03 

0. 


.025 

0. 

,10t’F-0? 

.35176-03 

• 3790F-03 

. 3604 L -0 3 

.36266-03 

.35535-03 

.3B67E-03 

.30556-03 

-.24266-03 

0. 


0.000 

LENGTH 

0. 

G. 

0.00 5.00 

0. 

10.00 

0. 

20.00 

0. 

40.00 

0. 

60.00 

0. 

BO. 00 

0. 

100.00 

0. 

110,00 

0. 

115.00 

0. 



FIGURE 4-31 
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MDAC-STl ELECTROPHORESIS DATA REDUCTION 
OR IGINATDPI O.W< RICHHAN 12/71 


RUM NO. 15, TEST EN6I N66R l C.D. WALKER 
SUFFER FlCW 30*0 ML /MIN# INLET TEMP 7# 7 C 
FIE 10 STRENGTH 20.0 V/CH 
SUFFER HORIZONTAL CENTERLINE VELOCITY 
WIDTH 

O. 250 
8*225 

P. 200 
•.150 

8.050 

7.050 
7.210 
6.1PP 
5.156 
A. 125 
3. ORA 
2.063 
1.031 

• 400 
. 2)0 
.100 
.050 
.025 
0 . 0)0 

LENGTH 0.03 9.00 10.00 

WIDTHS OUTSIDE DATA • 0 

< — G 

20.0 100.0 


.41**6-02 
,59916-02 
. 6175E-C2 
•59C76-02 
. 61 A1E-02 
• 54 726-0 2 


•4T83F-32 
. 3522P-02 
• 3 0706-02 
•4293E-12 
,46456-02 
♦49426-02 


20.00 





1 

£ 

O 

ft | 

Jl 1 


1 






1 


1 

[-.length 


.63016-02 

• 33B5E-D2 
.28626-02 
« 35346-02 

• AA 75T-0? 

0. 

0. 


.33996-32 -.**536-32 
• 7602F-O3 -.22276-02 
.12016-02 -.2263E-02 
.22916-02 -.12196-02 
. 24676-0 2 0. 

0. 0. 

0 . 0 , 


Axl.03 


60,00 


80.00 


100.00 


110.00 


11*. 00 


120.00 


7.210 

.031 


FIGURE 4-32 
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MOAC-STL UECrUOPMORfeSZS ANALYSIS PROGRAM 
OR I GIN AT OR I D.W. RICHMAN 9/78 

RUN NO* 15 # TF 5 T FNGI N*“F* j C.D. VALUER 
BUFFER F 10 W 15*0 HI /MIN* INI fT TEMP 7.7 C 
FIELD STRENGTH 20. 0 V/CH 
BUFFER HORIZONTAL CENTTRLINP VFLHC TTY 
WIDTH 



0.250 

0 . 

0 . 

0 . 

0 , 

0 . 

0 . 

0 . 

0 . 

0 . 

0 * 

0 . 


8.225 

0 . 

♦ 10 Q 4 F -03 

. 7962 F -03 

* 74 95 E -03 

. 74936-03 

. 75416-03 

, 7666 F -03 

, 7894 E -03 

. 89316-03 

♦ 14136-02 

0 . 


8.200 

0 . 

. 53236-03 

. 16096-02 

. 14961-02 

. 14546-02 

• 1478 E -02 

« 1 5336-02 

• 1 579 F -02 

. 1794 E -02 

. 24506-02 

0 . 


6.150 

0 . 

. 13906-02 

. 2 703 F -02 

♦ 2301 E -02 

. 23506-02 

. 2379 E 7 O 2 

♦ 2435 F -32 

, 2 567 F- 0 ? 

. 2976 F -02 

. 31096-02 

0 . 


8.050 

0 . 

• 2865 6 - 02 

. 32046-02 

, 29056-02 

. 29546-02 

■ 298 IE -02 

. 301 6 F -02 

. 3089 E — 02 

. 3294 E -02 

♦ 2 191 E — 02 

0 . 

N. 

7.850 

0 . 

. 41 2 ? 6-02 

. 38996-02 

, 39 68 E -02 

. 39506-02 

. 39536-02 

. 39616-02 

• 3956 F -02 

. 39626-02 

• 3709 E -02 

0 . 

! 

7.210 

0 . 

♦ 4044 F -02 

. 3913 F -02 

♦ 3999 F -02 

. 39976-02 

♦ 40056 - 0 ? 

• 401 1 F- 0 ? 

, 40 ! 1 F -02 

. 39996-02 

♦ 39426-02 

0 . 

-t* 

CJl 

6 . IBB 

0 * 

. A 04 ^ E -02 

. 40 1 2 E -02 

« 39 92 6-02 

. 39986-02 

♦ 39906 - 0 ? 

. 39776-02 

. 3970 F -02 

. 39966-02 

♦ 3928 E -02 

0 . 


5.156 

0 . 

.4055 6-02 

• 4000 E -02 

, 39946-02 

. 40006-02 

.4000 E -02 

• 399 7 F -02 

. 39946 - 0 ? 

. 3994 E -02 

♦ 39396-02 

0 . 


4.125 

0 * 

. 3951 E -02 

• 39976-02 

, 3998 E -02 

. 40016-02 

. 40056-02 

. 40096-02 

• 4014 E -02 

. 40176-02 

. 40676-02 

0 . 


3.094 

0 . 

. 3 84 3 F -02 

, 3893 F -02 

. 39956-02 

♦ 3998 F -02 

. 40036-02 

. 4011 F -0 2 

. 40236 - 0 ? 

* 404 CE -02 

. 41666-02 

0 . 


2.063 

0 . 

.3833 f -02 

• 38 '> 6 fT -02 

, 39 86 F -02 

. 39876-02 

. 39936 - 0 ? 

♦ 4009 F - 0 ? 

. 40076-02 

. 40396-02 

« 4169 E — 02 

0 . 


1.031 

0 . 

» 3 835 E -02 

. 38966-02 

• 40 10 E -02 

. 39976-02 

• 3999 E -02 

• 401 2 F- 0 ? 

• 4030 E -02 

♦ 4044 E -02 

, 42256-02 

0 . 


. 400 

0 . 

.3 717 F -02 

. 39246-02 

, 39766-02 

. 39566-02 

. 3963 F- 0 ? 

. 3980 f -02 

. 3990 F -02 

. 40536-02 

. 44496-02 

0 . 


.200 

0 . 

.2 774 E -02 

, 76066 - 0 ? 

. 29646-02 

• 29936-02 

, 30396-02 

. 3070 F -02 

• 3053^-02 

. 28 6 ?F -02 

• 4 P 63 E -02 

0 . 


.100 

0 * 

♦ 3373 6 x - 0 ? 

. 7296 F- 0 ? 

. 26486-02 

• 2 464 E -02 

.2424 E -02 

, 24096-02 

• 2296 E -02 

. 10576-02 

. 39526-02 

0 * 


.050 

0 . , 

. 23346-02 

.1554 E -02 

* 1665 E -02 

. 1601 fc -02 

. 16026-02 

. 15866-02 

. 1479 E -02 

. 13186-02 

. 19666-02 

0 . 


.025 

o#„ 

.1 3696-02 

. 8330 E -01 

. 85596-03 

. 81916-03 

♦ 82376-03 

' • 8260 F -03 

• 7 B 20 E -03 

• 74 ? 9 E -03 

. 72446-03 

0 * 


0*000 

length 

0 * 

0 . 

0.00 5.00 

0 . 

10.00 

0 . 

20.00 

0 * 

40.00 

0 . 

60*00 

0 . 

80.00 

0 * 

100.00 

0 . 

110*00 

0 . 

115.00 

0 . 


* — G 


20,0 100,0 


£ 

9 

w 

Jl 







L_ 

_ 







[*♦* LENGTH 



7,210 
I *031 


FIGURE 4-33 
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HDfcC-SIL ElfcCTROPHORtSIS DATA REDUCTION 
DRIGINATQP1 D.V. R ICHMAN 12/79 

RUN NO* 16, TEST ENGINEER t C.O. WALKER 

BUFFER FLOW 40.0 ML / MIN , f Nl FT TEMP 7*4 C 

TlfLO STRENGTH 0.0 V/CM 

BUFFER HOR T 70 NT At CENTERLINE VELOCITY 

WIDTH 


8 * ?50 
8.225 
6.200 
6.150 
8.050 
7.850 
7.219 

0. 

0. 

.29296-03 

0. 

0. 

6.18H 

.21556-02 

.13276-02 

-.29676-03 

-.10926-02 

-.35146-03 

5.156 

• 25 50E-02 

.11126-02 

-•2021E-01 

-.119 76-02 

-.10966-02 

4.125 

.18 48 6-02 

.13126-02 

-.32476-03 

-.17046-02 

— . 19 276-02 

3.094 

.46416-02 

.13656-02 

-.1047E-02 

1904E-02 

-.21246-02 

2.063 

.44476-02 

.78216-03 

-.89326-03 

-.10976-02 

-.1737P-02 

1.031 

0. 

0. 

0. 

0. 

-.92036-03 

.400 

.200 

,100 

.050 

.025 

0.000 



- 

- 

- 


LENGTH 0.00 5.00 10.00 20.00 40.00 60.00 80.00 100.00 

WIDTHS OUTSIDE DATA - 0 


<# G 

20.0 100.0 


£ 

O 




t 










[+LEN 3 TH 


110.00 115.00 


120.00 


5| 


£ 

Cl 

fTi 

r- 

3 

2 

1 

a? 

y 

2 

c> 

& 

co 

co 


S 


CD 

>1 

3 


X 

m 

-v 

O 
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f g| 

<c° 
^ b m 
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co m o 
_ o 
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FIGURE 4-34 
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"lUC-STl tlFCTRUPHOR ESIS ANALYSTS PROGRAM 
ORIGIN ATOR I O.W. RICHMAN 9/70 

PUN NO* lb* T^nT |NC1NF(*I C.P. WALKi-P 
BUFFER FLfJW 20.0 HI/MI9. IM18T T=^ 7*9 C 


F I LL C STRENGTH 0*0 V/CM 

BUFF LR HORIZONTAL C FNT TRL INF VELOCITY 

WIDTH 


8.250 

0 . 

0 . 

0 . 

0. 

0 . 

0 . 

0 . 

0 . 

0 . 

0. 

0 

0,225 

0 . 

-, 9244 r- O'* 

**♦5310 8 -06 

* 74 358 -06 

• 77720-06 

0 . 

. 19 O 3 F -04 - * 5060 F -05 

. 6735 E “0 5 

♦ 944 1 F -0 3 

0 

8.200 

0 . 

1 507 F- 0 ? 

-,;?4 54 r -0 5 

. 1626 F -05 

* 1623 E -05 

0 * 

. 611 7 F -04 

«s 

-*2 

O 

~n 

1 

o 

2- 

. 16168-03 

. 1517 E-C 2 

0 

3.150 

0 . 


-. 55 17 T -05 

. 14 C 2 E- 0 > 

.U 358-35 

0 . 

, 31398-04 

* 12498-03 

. 2268 E -03 

. 22728-02 

0 

8.050 

0 . 

6201 8- 03 

. 11168-09 

, 74198 -06 

. 5 G 57 E -06 

c. 

• 1662 F -03 

. 2046^-03 

. 57478-03 

. 609 5£ -03 

0 

7.850 

0 , 

. 26748-03 

, 4 * 158-05 

• 2 ? 8 7 F -06 

. 1134 E -06 

0 . 

-* 7965 p -0 5 -• 2646 F -04 

- * 62 168 -05 

2076 F -0 3 

0 


-.33218-09 -♦ 195 0 F-03 0. 
-♦3259C-09 -*19358-03 0, 
-.3255E-09 -.19398-03 0* 
-.29698-10 -.2295 E-09 0* 

*32 556 -09 .19398-03 0* 

.32 598-09 • 1935E-C3 0. 

•332CF-09 « 19568-03 0* 

• 900 0* -• 266 1 r - 03 -.55088-05 -,?6*3F-06 -.1790E-06 C. .7471F-05 ,7639F-04 ,62238-09 .2873E-03 0. 

♦ 200 0* .62238-03 -.97698-06 -.1276E-05 -.77B2C-06 0. -.16358-03 -.2*078-03 -,57328-03 -.5966F-C3 0. 

* 100 0. ♦ 2 3?7 F- 02 -.21*28-05 -.39038-06 -.2813E-05 C, -.3R9RF-09 -.13798-03 -.22638-03 -.2233E-02 0. 

• 060 0* .15058-0? -.3633E-05 -.9202F-O6 -.29828-05 C* -.5BB3F-09 -.10798-03 -.13678-03 -.14608-02 0* 

*021? 0. ,q?<,?F-03 -.2295 F-C5 -.2091E-05 -.1463E-Q5 0, -.10918-04 -.3037E-O5 .24778-04 -.88568-03 0* 

0.000 0. 0. 0. 0* 0* 0, 0. 0. 0* 0* 0* 

LENGTH 0*00 5. 00 10.00 20.00 4,0.00 60.00 «0. 00 100.00 110.00 115.00 120.00 


7.219 

.0. 

.1770F-O3 

.?99^ r -06 

. I 361 E-Oo 

•6313E-07 

C. 

-.79B1F-05 

-.29538-09 

6. 100 

0. 

.1727F-03 

,*0678-05 

.79658-07 

•5??2fc -07 

0. 

-.75598-05 

-.21538-04 

5.166 

0. 

.17 26F-03 

# 2^65 c -U5 

. 79 1 9 F -0 7 

*6? J 58-07 

c. 

-.7B46 p -')5 

-.21508-09; 

4.1?1> 

0. 

-.2925 r-09 

.17928-09 

. lOMrtC-iG 

»?0H9 C -l 1 

c. 

,22098-10 

.2693F-10: 

3.099 

0. 

-.1726 r-03 

- * *> H 5 5 F -cj ’> 

-.79 198-07 

-♦6215E-07 

c. 

.70968-05 

.21508-09 

2.063 

0. 

-.1 727F-03 

-.?B6Rr-05 

-• 79 71E -07 

-.57238-07 

c. 

.7B59C-05 

•2 153F-04 

1.031 

0. 

-.1 747F-0* 

-.31518-05 

-.1397F-06 

-.64G6F-07 

c. 

.79568-05 

.29578-09 



LENGTH 


FIGURE 4-35 
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HOAC-STL ELECTROPHORESIS OATA REDUCTION 
ORIGINATOR! D.U, R1CHMAN 12/79 


PUN NO* 17# TEST ENGINEER! C.D, WALKER 
BUFFEP FLOW 40.0 HL/HIN# INLET TEMP 6.9 
FIEID STRENGTH 10.0 V/CM 
SUFFER HORIZONTAL CENTERLINE VELOCITY 
WIDTH 
8.250 
9.225 
9.200 
8.150 
8.050 
7.850 

7.219 0. 

6.188 
5.156 
4.123 
1.094 
2.063 
1.031 

♦ 400 

• 230 
.100 
.050 
.025 

0.000 

LENGTH 0.00 5.00 10.00 

WIDTHS OUTSIDE DATA • 0 


20,0 tOQ.C 


•68C6F-02 

• 7117E-G2 

• 6323E-02 
.35076-02 
» 60C0E-C2 


.3196E-02 
.36006-02 
.29646-02 
• 288 46-02 
.2U2E-02 
•30716-02 


. 1* 77E-U 2 
« 1473E-02 
.06601-03 
.10836-32 
•1351E-02 
♦16546-02 


.2702E-32 
.16076-02 
• 1240F-02 
♦ 9013E-03 
.9459E-33 
. 108CE-02 


.41 34E-02 
.22696-02 
.7141C-02 
.*3457-03 
. 2644F-03 
.27646-03 


20.00 


40,00 


60.00 


80.00 


100.00 


110.00 


115.00 


120.00 



! 1 

f 

i i 

L 

Q 

to 

1 1 

r 

JL 


r 


[^LENGTH 


7,210 
\ .031 


FIGURE 4-36 
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MDAC-sri tLCcrkOpmiPtsis analysts prog ram 
ORIGINATOR* D ♦ W * RICHMAN 9/79 


RUN Nil* 17 1 TF$T FNGI Nf v J f C,l\ HU^*f 

BUFF f R FLOW ^0.0 'HMIM, r N| r T T r «P *>.9 C 

FIELD SrRFNGTH 10.0 V/CN 

BUFFER HUP 1 20NT AL CfNTFRL T M F VFLOrfFY 

WIDTH 



0.2*>0 

0. 

0. 

0. 

0. 

0 • 

C. 

0, 

0* 

0* 

0. 

O. 


8.225 

0. 

-.HI'J'iF-OR 

•.3636F-03 

. *6?ftF-03 

♦37256-03 

.36 09 E-03 

. 3 ? 0 ? F,-0 3 

.18336-03 

.60396-03 

.12666-02 

0. 


8.2DO 

0. 

-.7g56F-03 

. 67 79 F -0 3 

.6P06F-03., 

♦71G5t -03 

. 7 1 IC E-03 

,71566-03 

.75816-03 

*86016-03 

.21316-02 

0. 


8. 160 

0, 

-.P979F-03 


♦ 10 ?9P-02 

♦106UE-02 

, .10976-0? 

• 1 163E-02 

♦ 12 36E-02 

.16536-02 

•2970F-Q2 

0. 


6 » 0t»0 

0. 

.10I?F-0? 

.1687F-02 

♦ 161 OF -02 

•16106-02 

.lAlOe-rO? 

.16696-02 

• 1 5 37 F-02 

. J688E-02 

♦X656E-02 

0. 


7.050 

0. 

.2!07r-0? 

♦1 097F-0’ 

,1900^-02 

•18911-02 

•190CE-0? 

• 1 90 5 F -0? 

.18866-02 

♦ 1676E-02 

. 1651E-0Z 

0. 

4* 

1 

7.219 

0. 

. .2M9F-9? 

. 19501: -02 

1 . 1 9 1 6 f -02 

.19686-02 

♦ 1 9 6 5 6-0? 

» 1 930? -07 

.1 908 f-0? 

.19161 -02 

.18136-02 

0. 

CD 

6 « 188 

c. 

♦ ?r)/0 F-0? 

♦ 19 V, e-0? 

. 10?of-o2 

♦ 1918C-02 

.19216-0? 

. 10?3F-0? 

♦19?ftF-0? 

.1899E-02 

.18C1C-0? 

0. 


bilb 6 

0. 

.7069F-9? 

♦ mu -o? 

. J9MP-U2 

• 1 936f -02 

♦ 19 3?F-o? 

. 193 \F-02 

. 1 977 F-02 

.19166-02 

. 1 799E-0? 

0. 


4. 12 1> 

0. 

.1 H‘nF-9? 

♦ mnF-0? 

♦1966T-02 

. 1938 l -02 

• 19 37E-0? 

.19316-02 

.1960F-02 

.19566-02 

♦19576-02 

0. 


3,096 

0. 

. 1 7*6 r-o? 

,19?96-Q? 
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5.0 PROTEIN GRAVITY EFFECTS 

The purpose of the tests described in this section was to demonstrate the effects 
of gravity on protein particle streams during electrophoresis. The two proteins 
used for these tests, both singly and as mixtures, were human fibrinogen and 
human albumin. First, tests were run on single proteins varying electrical field 
strength and buffer flowrates The proteins were then mixed and processed at 
varying flowrates and concentrations. Data collection is described in Section 5.1, 
while the rationale for buffer selection and assay methods are described in 
Sections 5.2 and 5.3, respectively. The data reduction and mathematical corre- 
lations are discussed in Section 5.4. 

5.1 TEST DATA COLLECTION 

Electrophoresis chamber flow, electrical field and temperature, conditions during 
the protein runs were established as closely as possible to the conditions during 
the analagous Task 1.0 runs with comparable time to reach stability. With the re- 
peatability of the chamber proven during the Task 1.0 runs, dye streams were not used 
to demonstrate laminar flow of the carrier buffer. Dye in very dilute form ( 0.01 
mg/ml) was mixed with small samples of protein to demonstrate that a specific con- 
centration would not "fall-back". 

A fixed ratio of sample to carrier buffer flow rates was applied to all protein 
runs. The intended ratio was 1:200; however, due to inherent limitations of the 
sample syringe pump utilized, it actually varied +9%. 

Protein runs 19 through 36 for albumin and fibrinogen separately (Figures 5-1 and 
5-2), and 37 through 48 (Figure 5-3) for the mixture, were conducted in the same 
general manner as the dye stream runs of Taskl.O. The main protocol differences 
being control of sample handling. Protein stock was prepared and assayed to 
assure proper concentration. Concentrations of 0.6 mg/ml were sought for the single 
protein runs and actual assayed concentrations of the pre-run samples were 0.60 
+ 0.03 mg/ml albumin and 0.64 + 0.03 mg/ml fibrinogen. Mixed protein concentrations 
were 1.2, 0.34 and 0.18 mg/ml. In the case of the mixed concentrations, the fewer 
scheduled runs allowed all runs at each concentration to be completed during one 
day from a single assayed stock. 

Sample injection into the chamber was from a syringe by means of a commercially 
available syringe pump. Collection of sample and buffer at the chamber outlet 


5-1 


MCDONNELL. DOUOLAC 40TAO/V4L/T/C8 COMP4/VV-ST. JLCHJIS DIW8IOW 



/vo/sy/i/cj smo7 saunrA/OH^sr svi onoo 1 73 /v/vooow 


TASK 2 . 0 

TEST MATRIX, RUNS 19-27 


\ FIELD 
X VOLTS/ 

IbuffeK cm 

FLOW X 
ML/M IN \ 

0 

10 

20 

20 

19 

20 

21 

30 

22 

23 

24 

40 

25 

26 

27 


0 SINGLE PROTEIN, HUMAN ALBUMIN 
o 1 MM DIAMETER SAMPLE STREAMS 

o PROTEIN ASSAY FOR OUTLET 
DISTRIBUTION 

o GRAVITY INDUCED CHANGES ARE DEPENDENT 
ON BUFFER FLOW RATE 


Figure 5—1 


INVESTIGA TION OF THE R eport mdc E2000 

FREE FLOW ELECTROPHORETIC PROCESS 




/voism/o s/noi tis-yiArvuivoo sz>iJ.nxrj\totfj.s\r sinoaoo naA/zvoooiv 


TASK 2,0 

TEST MATRIX, RUNS 28-36 

o SINGLE PROTEIN, HUNAN FIBRINOGEN 

o 1 m DIAMETER SAMPLE STREAMS 

o PROTEIN ASSAY FOR OUTLET DISTRIBUTION 

o GRAVITY INDUCED CHANGES ARE DEPENDENT 
ON BUFFER FLOW RATE 


X. FIELD 

BUFFE^W^ 
FLOW NT ' 
ML/r.IN \ 

0 

10 

20 

20 

28 

29 

30 

30 

31 

32 

33 

AO 

3A 

35 

36 


=3 1 

n-i S 

s 

0 

Hi 

r- 

5? 

2 

1 

C> 

30 
rn 

5 

fn 
£o 
Co 


g 

cs 

I 


< S m 
-* S to 


to m o 
_ o 
to — o 


Figure 5—2 




/voisi/iia srno - 1 is*AJVvuwoo safinwouisr strionoo 7 73A//vooow 


TASK 2 . 0 

TEST MATRIX, RUNS 37-48 
MIXED SPECIES CONCENTRATION TESTS 



MIXED PROTEIN 1 MM DIAMETER 
SAMPLE STREAM 

PROTEIN ASSAY OF OUTLET 
DISTRIBUTION 

GRAVITY INDUCED CHANGES ARE 
CONCENTRATION AND BUFFER 
FLOW RATE DEPENDENT 


INVESTIGA TWN OF THE r eport mdc E2000 

FREE FLOW ELECTROPHORETIC PROCESS 





INVESTIGA TION OF THE 

FREE FLOW ELECTROPHORETIC PROCESS 


REPORT MDC E2000 
VOLUME II 
MAY 1979 


tubes for assay and distribution determination was typically timed to collect 
> 2ml at each tube. Assaying was generally done the same day as the run and 
included collected sample from tubes as far as fifteen (15) either side of the 
expected protein peak or peaks. Protein samples not assayed on the same' day were 
capped and stored at the 4°C for about 16 hours and assayed the following morning. 

In order to prevent sample stream smearing in the chamber because of electrical 
field variations immediately following voltage application or voltage setting 
adjustment, the protein sample was not introduced into the chamber with field 
until readings showed the field had stabilized. The sample was then allowed to 
flow for at least 2.5 residence times before sample collection to allow the outlet 
distributions to show any crescent distortion present in the sample stream. 

5.2 BUFFER SELECTION 

Sodium barbital buffer was used throughout the protein tests as the carrier and 
electrolyte fluids and for dissolving the protein samples. This buffer has been' 
used widely for protein electrophoresis and at pH 8.3 provides a sufficient menstrum 
for separation of fibrinogen from albumin. The basic difference in this buffer from 
those used for traditional electrophoresis (i.e., cellulose acetate, agar and poly- 
acrylamide) studies is ionic strength. Traditionally the ionic strength ranges from 
about 0.01 to 0.05 whereas for our studies the ionic strength was much lower (about 
0.0025) to minimize Joule heating. It was prepared as follows: Two stock solutions, 

one acidic and one alkaline, were prepared by dissolving 4.6 grams of diethyl barbit- 
uric acid in 1000 ml of deionized water (acidic solution) and 103.0 grams of diethyl- 
barbituric acid-sodium salt in a separate 1000 ml of deionized water (alkaline solu- 
tion). These solutions were stored at 4°C and were kept up to five days before 
being discarded. Carrier buffer and buffer used to dissolve the protein test solu- 
tions were prepared daily by mixing 409 ml of the acidic solution with 100 ml of 
the alkaline solution and then diluting the resultant solution to 20 liters with 
deionized, deaerated water. Deaeration was attained by exposing the water to about 
0.001 ATM for 16 hours to obtain an oxygen partial pressure of 100 mm of mercury. 

The 20 liter solution was tested for pH and adjusted to pH 8.3 with the required 
amounts of either acidic or alkaline solution. The final pH of the buffer was 8.3 
and its conductivity was 1.005 x 10 -4 mho/cm to 1.020 x 10~ 4 mho/cm at 20°C. 

The ionic strength of the buffer was approximately 0.0025 and its specific gravity 
was approximately 1.0012 gm/cc at 20°C. Variations in osmolarity and conductivity 
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were due to slight variations in the day-to-day preparation of the buffer. We 
chose to prepare buffers fresh daily to minimize the possibility of both microbial 
and chemical deterioration and to avoid addition of preservatives which would 
affect cell viability. Constant pH values were maintained from day to day by minor 
additions to the fresh daily buffer of appropriate amounts of either acidic or al- 
kaline solution. 

Buffer used as the electrolyte solution was prepared similarly except that the 
mixture of 409 ml acidic solution and 100 ml alkaline solution was diluted to four 
liters to provide a concentration five times that of the carrier buffer. Similar 
day to day pH adjustments were made as with the carrier and sample buffer to assure 
constant pH values throughout the tests. The final dH of the electrolyte buffer 

-4 -4 . 

was 8.3 and its conductivity was 7.21 x 10 mho to 7.41 x 10 mho. The ionic 
strength was approximately 0.0125. Both the diethyl barbituric acid and its sodium 
salt were obtained from Sigma Chemical Company, St. Louis, Missouri. 

5.3 ASSAY METHODS 

The two proteins used during these tests, human albumin and fibrinogen, were 
obtained from Sigma Chemical Company in St. Louis and are the most highly Durified 
forms found commercially available. Both are reactive to the Folin and Ciocalteu 
reagent described by Lowry (7 ), and a modification of his method was used to con- 
duct all the protein assays during these tests. This modified procedure was 
conducted as follows: 

REAGENTS 

Source of Reagents 

Sodium carbonate, sodium hydroxide and cupric sulfate penthydrate were 
obtained from Mallinkrodt Chemical Company in St. Louis. Sodium 
potassium tartrate and the Folin and Ciocalteu Reagent (2N) were 
obtained from Sigma Chemical Company in St. Louis. 

Composition of Reagents 

Reagent 1 - 20 grams of sodium carbonate and 4 grams of sodium 
hydroxide dissolved in 1000 ml of deionized water. 
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Reagent 2-20 grams of sodium potassium tartrate dissolved in 
1000 ml of deionized water. 

Reagent 3-10 grams of cupric sulfate pentahydrate dissolved in 
1000 ml of deionized water. 

Reagent 4 - Folin and Ciocalteu Reagent (2N). 

Assay Procedure 

1. Just prior to use, 50 ml of Reagent 1 was mixed with 0.5 ml of 
Reagent 2. This solution was mixed thoroughly and then 0.5 ml 
of Reagent 3 was added. After thorough mixing, this solution 
was labeled Reagent A. This reagent was prepared fresh daily. 

2. Samples to be assayed were pipetted into 16 x 100 mm plastic 
test tubes in 1.0 ml aliquots. To the 1.0 ml of sample was added 
2.0 ml of Reagent A. After mixing, these solutions were allowed 
to stand at room temperature for 10 minutes. 

3. After 10 minutes 0.1 ml of the Folin and Ciocalteu Reagent (2N) was 
added and the solutions again mixed thoroughly. These final test 
solutions were allowed to stand at room temperature for 30 minutes. 

After this time their optical densities were determined at 700 nm . 
in a Coleman Spectronic 70 Colorimeter using as a blank the 0.0025 
ionic strength diethyl barbituric acid buffer described in Section 4.1. 

4. Standard curves were prepared daily using human albumin as the standard 
at concentrations ranging from 400 to 3.125 ug/ml in the same 0.0025 
ionic strength barbituric acid. 

5.4 DATA REDUCTION AND CORRELATION 

The results of the-single protein runs of human albumin at 0 volts/cm and buffer 
flowrates of 20, 30 and 40 ml/min are shown in Figure 5-4. The dashed lines in 
each case are for the corresponding analytical predictions. What is immediately 
apparent from this comparison is that the test results show some widening of the 
sample stream even with no voltage applied. Since the analytical predictions included 
modeling of the effects of diffusion, some of this widening must be attributed 
to the test hardware. The corresponding results and comparisons for the single 
protein runs of fibrinogen at 0 volts/cm and buffer flowrates of 20, 30, and 40 
ml/min are shown in Figure 5-7. Here again, the same widening of the sample 
streams at zero applied voltage is evident. 
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The results of the single protein runs of human albumin at 10 volts/cm and buffer 
flowrates of 20, 30, and 40 ml/min are shown in Figure 5-5. The dashed lines in 
each case are- for the corresponding analytical predictions. These runs, particu- 
larly at the higher flowrates, show the effects of the widening of the sample 
stream that was evident in the runs with no applied voltage. If it is assumed 
that the zero voltage widening also applies to cases with voltage, as it would 
if it were associated with the system, then the analytical predictions show very 
good correlation with the test results. The corresponding distributions for 
human albumin at 20 volts/cm and 40, 30 and 20 ml/min buffer flowrate are pre- 
sented in Figure 5-6. Here again, the difference between the predicted distri- 
butions and the test results can be explained in terms of the zero voltage 
widening of the sample streams and is not attributable to the application of 
voltage. The underprediction of sample movement in the analysis can be attri- 
buted to the actual residence times being greater than the predicted residence 
times as evidenced by the buffer flow gravity effects test data correlation. 

The results of the single protein runs of human fibrinogen at field strengths 
of 10 and 20 volts per cm are presented in Figures 5-8 and 5-9 respectively. 

Here, both the general widening of the sample streams characteristic of the 
zero voltage cases and the increased movement for the test peaks relative to 
the predicted peaks at higher voltages is evident. 


The output concentration distributions for the mixed protein separations are pre- 
sented in Figures 5-10 through 5-16. The results for the highest concentration, 
0.12% protein by weight per unit volume, and the lowest buffer flowrate, 20 ml/min 
are presented in Figure 5-10. The results show generally good correlation, once 
the widening of the sample stream for the no voltage case is accounted for. The 
question in interpreting the results is how much of the widening of the sample 
stream can be attributed to gravity. This was determined analytically by pre- 
dicting the distribution with and without the gravity body force in the - 1 direc- 
tion (Figure 5-11). The peak shift, due to gravity, is about one tube of additional 
movement. Of course, this widening would increase at higher concentration or lower 
buffer flowrates. Corresponding data at lower concentrations 0.034% and 0.018% pro- 
tein by weight per unit volume is presented in Figures 5-13 and 5-15. 
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The results of mixed protein concentration distributions at a higher buffer 
flowrate of 40 ml /min are presented in Figures 5-12, 5-14,. and 5-16. These results 
are consistent with those for the 20 ml /min buffer flowrate, except that the 
peaks are sharper and the distance moved is less due to the shorter residence 
time. Figure 5-16, which has the outlet concentration distribution for the 
lowe.st concentration, -0.0185$, and the highest buffer flowrate, 40 ml/rnin, should 
have a minimum of gravity effects. 
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6.0 CELL GRAVITY EFFECTS 

The purpose of the tests described in this section was to demonstrate the effects 
of gravity on sample streams of cells. The cells used for these tests shown in 
Figure 6-1 were 33H human lymphocytes. The movement of the lymphocytes during 
electrophoresis was experimentally found at flowrates of 20 and 40 ml /min and 
concentrations of 1 Z 10 7 , 5 x 10 6 , and 2.7 x 10 5 cells/ml. Test data collectionis 
described in Section 6.1 and the data reduction and correlation in Section 6.2. 


6.1 TEST DATA COLLECTION 

Continuity of test conditions previously run with proteins was maintained by 
establishing chamber conditions as close as possible to those of the Task 1.0 runs. 

As with the protein test runs, dye was used only for initial verification that a 
cell density would flow within the chamber. This method was used to determine 
the upper limit for cell densities at the stated carrier buffer flow rates and 
for the trypsinized buffer used. The lower density limit was set by the assay 
technique. Sample to carrier buffer ratios of 1:200 + 9 % were again maintained. 

Cells were harvested, washed, counted and diluted as required on a daily basis. 
Because of an expected tendency for cells in the sample syringe to settle with 
time, thereby effecting outlet distribution, the syringe was slowly and con- 
tinuously agitated to control settling. Because of some syringe and con- 
nected feed tube movement due to the agitation, a slight, short period 
( 1-2 CPS) pulse of the sample stream as it left the capillary tube in the 

chamber was noted. This pulse caused some of the spread in the collected 
sample distribution. 

Only two cell runs, one at zero- voltage and one electrophoresis could be conducted 
each day and this required a new sample of cells be counted the next test day. These 
day-to-day harvestings, suspensions, and dilutions resulted only in about 3 % devia- 
tion in initial cell counts. Sample injection and collection procedures were gen- 
erally the same as for the protein runs. In the assay,.cell counting was performed 
on all collected samples and included sample from tubes as far as twenty (20) on 
either side of the expected peak count. 

Cell concentrations in units of g/ml were calculated from the cell counts and 
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an experimentally determined mass of 1.235 x 10 ^ g/cell and density of 1.060 
g/cm 3 . 


6.2 CELL SELECTION 

Cells used for these tests were a continuous human lymphocyte line designated 33H 
by the American Type Tissue Culture Collection. They are a vigorously prolifer- 
ating cell which grows in suspension culture, and range in diameter from 8.5 to 
about 15 microns. Since lymphocytes produce a wide variety of materials which may 
become candidates for space bioprocessing, these cells represented an ideal source 
of material for the conduct of these tests. 

6.3 CELL PREPARATION 

Cells used for these tests were grown in RPM1 medium (Grand Island Biological 
Company (GIBCO), Buffalo, New York) which contained 0.03% glutamine and 0.2% 
sodium carbonate. Prior to use the medium was supplemented with 20% fetal calf 
serum, also obtained from GIBCO. Starter cultures consisted of 100 ml spinner 
flasks containing 100 ml of medium inoculated with 3 x lO' 7 cells to provide a 

5 

starter culture containing 3 x 10 cells/ml. During incubation, cells were exposed 
to an atmosphere of 5% COg, 95% air. After three to four days incubation at 37°C, 
the starter cultures were used to inoculate 500 ml spinner flasks at a concentration 

5 

of 3 x 10 cells/ml. After three to four days, the cultures were similarly inocu- 
lated into 1000 ml flasks from which test samples were harvested. Cells for elec- 
trophoretic tests were harvested by centrifugation at 200g for 20 minutes. Harvested 
cells were washed once in approximately 100 volumes of buffer (described in Section 
5.3), resuspended in the same buffer, enumerated for total and viable cells, adjus- 
ted to the concentration desired for testing, and stored at 4°C until ready for 
processing. 

Generally speaking, cells were harvested at 9:00 a.m. , processing was initiated at 
11:00 a.m. and completed by 3:00 p.m. Assays of the processed samples were gener- 
ally completed by 4:00 p.m. In all cases, cells were harvested and prepared fresh 
daily. 
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6.4 BUFFER SELECTION 

The buffer used for washing, resuspending and processing the human lymphocytes 
in the electrophoresis unit was prepared as follows: Triethanolamine (2.4 gm), 

glycine (20.7 gm), potassium acetate (0.4 gm), and glacial acetic acid (0.6 ml) 
were dissolved in 100 ml of deionized water. When these materials were completely 
dissolved, calcium chloride dihydrate (0.044 gm) and magnesium chloride hexahydrate 
(0.061 gm) were added. For use as the carrier buffer and for washing and suspending 
the test cells, the 1000 ml solution was diluted to 20 liters and 1.0ml of 2. 5% tryp- 
sin in .85% sodium chloride (GIBC0) was added and mixed well. For use as electro- 
lyte fluid, another 1000 ml solution was diluted to eight liters and no trypsin was 
added. 

The final pH of the buffer was 7.4, its osmolarity was 294 to 301 m 0SM and its 

-4 -4 

conductivity was 1.21 x!9 mho/cm to 1.45x10 mho/cm. The specific gravity was 
approximately 1.00982 gm/cc at 20°C. Variations in osmolarity and conductivity 
were due to slight variations in the day to day preparation of the buffer. We 
chose to prepare buffers fresh daily to minimize the possibility of both microbial 
and chemical deterioration of the buffer and to avoid addition of preservatives 
which would affect cell viability. Constant pH values were maintained from day to 
day by minor additions to the fresh daily buffer of appropriate amounts of either 
acetic acid or triethanolamine. This buffer provided viability recoveries of up 
to 90% over the course of the day's testing and assaying, and prevented agglutina- 
tion of the cells which would have interfered with the tests. 

6.5 ASSAY METHOD 

Lymphocytes were enumerated in a standard laboratory hemocytometer using Erythrosin 
B (Fisher Scientific Company, St. Louis, Missouri) dissolved in saline to differen- 
tiate viable from nonviable cells. Viable cells exclude the dye and appear clear, 
while the nonviable cells take up the dye and stain pink. 

Depending on the total cell population in the samples, either 0.05% Erythrosin B 
or 0.4% Erythrosin B was used. If the cell population was between one million and 
three million cells per ml (100 to 300 cells actually counted in the hemocytometer), 
the sample was prepared by adding 0.1 ml of the sample to 0.9 ml of 0.05% Erythro- 
sin B. If the cell population was between 40,000 and 100,000 cells per ml (48 to 
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120 actually counted in the hemocytometer) , the sample was prepared by adding 0.5 
ml of sample to 0.1 ml of 0.4% Erythrosin B. After adding the dye, cells were 

allowed to stand at room temperature for 5 minutes before placing them in the 
hemocytometer for counting. In all cases, prior to dye addition, a preliminary 
cell count was made to estimate the cell population and to make initial dilutions* 
to bring the total cell population into one of the proper ranges for counting. 


6.6 DATA REDUCTION AND CORRELATION 

Test versus predicted outlet concentration distributions for the electrophoresis of 
33H human lymphocytes are shown in Figures 6-2 through 6-8. The concentration dis- 
tributions shown in Figure 6-2 are for the lowest buffer flowrate, 20 ml /min and 
the highest cell density, the case where gravity effects should be most apparent. 

In general, the predicted spreading of the sample is less than for the test data, 
both with and without applied electrical field, so some of this spreading is a char- 
acteristic of the MDAC-.St. Louis test hardware. 

In addition, the smaller predicted movement of the cells with the field applied is 
caused by the actual residence times being greater than predicted, as evidenced by 
the buffer gravity effects data correlation. 

Predicted gravity effects on the electrophoresis of cells are shown in Figure 6-3. 

The greater movement under electrophoresis in one-g is caused by the increased 
residence times due to the particle streams slipping with respect to the surround- 
ing buffer. Widening of the particle streams is not evident for this case, but 
would probably become evident at higher concentrations or greater electrophore- 
tic movement. Test versus predicted concentration distributions for the lower cell 
6 5 

densities of 5 x 10 and 2.7 x 10 cells/ml at a buffer flowrate of 20 ml/min are Dre- 
sented in Figures 6-5 and 6-7. 

The results of cell electrophoresis at a higher buffer flowrate of 40 ml/min are 
presented in Figures 6-4, 6-6, and 6-8. These results are consistent with those 
for the 20 ml/min buffer flowrate, except that the peaks are sharper and the 
distance moved is less due to the shorter residence times. Figure 6-8, which is 

5 

the outlet concentration distribution for the lowest cell density, 2.7 X 10 cells/ 
ml , and the hiqhest buffer flowrate, 40 ml/min, would have a minimum of gravity 
effects. 
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7.0 SAMPLE CONCENTRATION EFFECTS 

Previous studies in the MDAC-St. Louis laboratories have shown that limited concen- 
trations of proteins and cells can be processed by free flow electrophoresis in a 
one-gravity environment (8,9). Basically, the limitations are caused by the in- 
creasing specific gravity that occurs in a solution when increasing amounts of 
protein solute are added. This increased specific gravity results in an increased 
weight of the sample stream column flowing upward. When the sample stream column 
reaches a critical specific gravity, it fails to flow and falls back. This "fall- 
back" phenomenon can be avoided by increasing the carrier buffer flow rate, but 
this results in shorter residence times and poorer resolution capabilities. Human 
plasma must be diluted 1/50 to 1/70 times in distilled water in order to be pro- 
cessed in our unit at a carrier buffer flow rate of 20 ml /min (with sample flow at 
about 0.2 ml/min). If processed in zero gravity, it would flow without dilution 
and thus provide the potential of increasing sample throughput by 70 times. 


Basic questions have arisen, however, concerning protein-protein interactions 
occurring in concentrated protein samples (but to a lesser degree in dilute samples) 
which may alter their fundamental characteristics and affect their electrophoretic 
mobility. If such were the case, utilizing the greater concentration possible in 
space would result in a decrease in resolution of the separated protein mixtures. 

It is not practical at this time to conduct a space experiment solely to determine 
if concentration affects electrophoretic mobilities in the free flow process 
although such an experiment should certainly be included as part of a space demon- 
stration program. 

In order to detect the possible effects of concentration on electrophoretic mobility, 
we employed three common ground based electrophoretic procedures and studied the 
mobilities of various proteins in human plasma at several concentration. Tests 
with agar gel plates, and polyacrylamide disc gel electrophoresis showed that no 
significant differences in the fundamental electrophoretic mobility of the major 
protein components occurred over a concentration range of nearly two orders of 
magnitude. . Tests with cellulose acetate strips provided only inclusive results 
because of erratic performance by the instrument employed. 
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7.1 TEST METHODS 

AGAR GEL PLATE ELECTROPHORESIS - Agar coated plastic plates (Corning No. 470100) 
and a Corning Model No. 470130 electrophoresis chamber were used for this series 
of tests. Gel man 51104 buffer, pH 8.6 and 0.03 ionic strength, was used as the 
electrolyte and carrier fluid. 

Samples were applied to the gel using the Corning Sample Dispenser Model No. 470152 
in 1.0 yl aliquots and the plates placed in the electrophoresis chamber. After 
positioning the plates, voltage (85 volts) was applied to provide a field strength 
of about 15 volts/cm. 

Samples were electrophoresed for 40 minutes after which time the plates were removed 
and rinsed in deionized water and dried at 67°C for 60 minutes. They were then 
stained in 0.5% Coomassie Brilliant Blue R250 (BIO-RAD No. 161-0400 dissolved in 
45% methanol, 45% water, and 10% glacial acetic acid, V/V/V) for five minutes. The 
plates were then rinsed in the above solution (but without added Coomassie Blue) 
until the protein bands were visible. They were then dried in a 67° oven for one 
hour. The distance each protein band moved during electrophoresis was then deter- 
mined by direct measurement of the distance from the original starting position to 
the center of each band. 

POLYACRYLAMIDE DISC GEL ELECTROPHORESIS - For these tests, a BIO-RAD Model No. 150A 
electrophoresis apparatus was employed. In this method, glass tubes, dimensions 
5 mm diameter x 125 mm long, were filled with polyacrylamide gel and run according 
to the standard procedure of the Miles Laboratories, Elkhart, Indiana. Test samples 
were mixed with loading gel which was placed at the top of the column in 100 yl 
aliquots and the column then placed in the electrophoresis chamber. Tris-glycine 
buffer, pH 8.1 and ionic strength 0.2, was used for the electrolyte and carrier 
fluid. Samples were electrophoresed for 75 minutes with 150 applied volts which 
resulted in a field strength of approximately 12 volts/cm and 40 milliamps (5 mil- 
liamps per column; 8 columns employed). 

After electrophoresis, the polyacrylamide gel columns were removed from the glass 
column, fixed in 2.5% trichloroacetic acid overnight, rinsed with water, then 
stained in 1% Coomassie Blue G-250 in 7% acetic acid. They were then rinsed in 
7% acetic acid 50% methanol and the gels preserved in 7% acetic acid in water. 
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The distance each protein band moved during electrophoresis was determined by 
direct measurement of the distance from the top of the separation gel to the center 
of each band. 

SAMPLE PREPARATION - Standard Normal Plasma (SNP) samples obtained in dried form 
from Dade Diagnostics, Miami, Florida, were used as the protein samples for these 
tests. In all cases, the dried plasma was rehydrated prior to use with distilled 
water. Each SNP vial contains premeasured plasma such that rehydration with 1.0 ml 
of water will result in a solution representative of normal plasma, containing 
about 7% total protein. Various sample concentrations were obtained by adding 
0.25 ml of water (to obtain a sample containing 28% protein), 0.5 ml for a 14% 
solution, and so on, to obtain samples containing from 0.109% (one vial in 64.0 ml 
of water) to 28% (one vial in 0.25 ml of water). 

7.2 TEST RESULTS 

AGAR GEL PLATES - The results of these tests are shown in Figures 7-1 and 7-2 and 
are summarized in Figures 7-3 and 7-4. In run 1, samples containing 7.0%, 3.5%, and 1.75% 
protein were used. A photograph of the stained electrophoresis gel plate is shown 
in Figure 7-1. The 7% sample clearly separated into six distinct bands representing 
(from top to bottom) albumin, alpha-l-globul ins, al pha-2-globul ins , beta-l-globul ins, 
fibrinogen, and gamma globulins. The 2.5% sample also separated into six distinct 
bands. In the 1.75% sample, only albumin, beta-l-globulins, and fibrinogen were 
visible, and in the lowest concentration, 0.875%, only albumin, beta-l-globulins, 
and fibrinogen were visible. This loss of visualization was a result of dilution 
of the proteins bands beyond the point at which dye would bind sufficiently to be 
visible to the naked eye. 

In run 2 test samples consisted of duplicate samples containing 7% and 28% protein, 
and a 7% sample which had been prepared originally at 28%, allowed to react at room 
temperature for two hours and then rediluted to its original 7% protein concentra- 
tion. A photograph of the stained electrophoresis gel is shown in Figure 7-2. In 
all cases, the samples showed six distinct separated bands on the oriqinal gel plate. 
Unfortunately, the photographic reproduction does not show the resolution obtained 
with the 28% sample. 
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Visual inspection of Figures 7-1 and 7-2 reveals that no significant differences in 
mobility occurred as a result of the starting sample concentration. More precise measure- 
ments, made from the ori gi n to the center of each band, are shown in Figures 7-3 and 7-4. 

In the first experiment (Figure 7-3) albumin moved a distance of 18 mm, regardless 
of the concentration of the starting sample. Similarly, all of the other major 
proteins moved consistently regardless of concentration. In this procedure, the 
gamma-globulins migrated in the opposite direction to the other proteins and 
their migration distance is indicated as such by the minus (-) sign. Where N.V. 
appears in the table, no measurements were possible because the bands were not 
visible. Measurements of the mobilities in the second experiment are shown in 
Figure 7-4. As in the first set of data, all the protein bands showed consistent 
mobilities regardless of the concentration of the starting sample. In addition, 
the mobilities of most of the proteins were identical from one run to another. 
Albumin mobility varied only from 18 mm in Run 1 to 19 mm in Run 2, or only 
about 5.5%; the beta-l-globul ins varied from 0.55 to 0.60 or only about 8.3%. 

The other protein bands moved identically in both runs. 

These data indicate that the agar gel electrophoresis provides consistent results 
from day to day. Using this method, no differences in mobility of the major plasma 
proteins as a function of the concentration of the starting sample could be detected 

POLYACRYLAMIDE DISC GEL ELECTROPHORESIS - The results of these tests are shown in 
Figure 7-5 and the data summarized in Figure 7-6. Although many details of the 
separation were lost during photographic representation, sufficient details are 
present to visually analyze the results. 

Figure 7-5 is a photograph of plasma separations from samples ranging in protein 
concentration from 0.109 to 7%. From this photograph we selected seven bands or 
band groups for mobility comparison purposes. These bands were identified as 
(from top to bottom) gamma-globulins, a group of alpha-2-globulins, a single 
alpha-2-globulin, beta-1 -globul ins (hemoglobin and transferrin), an alpha-l-globul in 
albumin and prealbumin. These identifications were made by comparing our electro- 
phoretic pattern to that of Clarke (10), who identified all the various bands 
obtainable by this procedure. 
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The gamma- globulins were visible in all tubes and remained at the origin during 
electrophoresis. Although not visible in the photograph, seven distinct close- 
moving alpha-2-globulins were visible to the naked eye in the freshly stained gels 
down to a concentration of 0.875%, and showed no visible differences due to sample 
concentration. The alpha-2-globulin band was visible in the photograph in all 
tubes down to 0.875% and visual inspection indicated that this material moved about 
the same distance from the origin in each concentration. The beta-1 -globul ins , 
hemoglobin and transferrin moved as a single band, were visible in all tubes and 
also appeared to migrate the same distance regardless of concentration. Similar 
results are apparent with the alpha-l-globul in band, visible down to 0.875%, 
albumin, visible in all tubes, and prealbumin, visible only in the 7% and 3.5% 
samples. In two tubes, those containing 3.5% and 1.75% samples, slight smearing 
occurred in the area between the gamma-globulins and the group of alpha-2-globulins. 
The smearing is not visible in the photographic representation but was visible in 
the freshly stained gels. Those same bands, although very faint, were not smeared 
in the other tubes and all showed similar migration patterns. The reason for the 
smearing in those tubes was likely due to improper sample placement on the column. 

Visual inspection of the general pattern of band migration in the gel column indi- 
cated that no significant differences in migration occurred from one test sample to 
another. More precise measurements, made from the origin to the center of each 
band are shown inFiqure 7-6. Where N.V. appears in the table it indicates that the 
protein in that sample was too diluted to bind sufficient dye to be visible to the 
naked eye. 

In the case of all the proteins except albumin, no significant differences were 
apparent as a function of protein concentration. The gamma-globulins all remained 
at the origin, the al pha-2-globulin moved 1.4 cm in every case, the beta- I -globul ins 
showed migrations of 2.1 to 2.3 cm with an apparent slight increase with the inter- 
mediate concentrations, the alpha-1 -globul in moved 3.3 to 3.4 cm with.no apparent 
trend toward differences as a function of concentration, and prealbumin, in the two 
concentartions available for measurement, both migrated 5.8 cm. 

Albumin, however, did appear to migrate slightly farther in the concentrated' sample 
than in the most dilute sample. The differences of 2‘.1 and 2.3 noted for the beta- 
2-globul ins and of 3.3 and' 3.4 noted for the alpha-l-globulin are probably not 
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significant because of measuring error, slight deviations in gel thickness, or 
possible small differences in field strength across the gel discs. With albumin, 
however, a distinct trend is apparent indicating increased mobility of the albumin 
in concentrated samples. One possible explanation is that the albumin has over- 
saturated the gel disc molecular sieve pores and thus some of the albumin molecules 
are no longer retarded in mobility by the gel pores. These excluded molecules would 
be under the same electromotive force a$ all the other albumin molecules, but, not 
being retarded by molecular sieve action, as are all the others, would migrate 
farther giving the appearance of increased electrophoretic mobility. 

Whatever the explanation of the increased albumin migration, the differences noted 
were not significant (about 7.3%) and did not interfere with the migration of the 
two species which move near albumin, i.e., prealbumin and the alpha-l-globulin. 

In addition, whereas it might have been expected that proteins in higher 'concen- 
trated samples would possess retarded mobilities, these data indicate that if 
concentration does affect mobilities, even if only slightly, it does so with 
opposite results. 

CELLULOSE ACETATE STRIP ELECTROPHORESIS - Tests conducted with the Gelman Model 
No. 51211 electrophoresis apparatus gave erratic and inconclusive results. It was 
found that differences in field strength occurred across separate cellulose acetate 
strips which caused erroneous interpretation of early test results. In effect, 
samples placed at the top of the apparatus always showed greater migration dis- 
tances, regardless of concentration, when compared to migration distances obtained 
on strips placed at the bottom of the apparatus. Additionally, day to day varia- 
tions in mobilities of up to 46% occurred, also reqardless .of sample concentration, 
which discounted meaningful interpretation of the data. No simple means of control- 
ling these erratic results were available and so this method was not investigated 
further. 

7.3 SUMMARY 

Three conventional ground based electrophoretic procedures were employed to deter- 
mine if sample concentration affected the electrophoretic mobility of the major 
plasma proteins. One of these methods, using cellulose acetate strips gave erratic 
and inconclusive results. These inconsistencies were shown to be a result of the 
apparatus itself and not a function of protein concentration. Using Corning gel 
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plates, consistent results were obtained from one experiment to another providing 
reliable data which showed that no differences in separation occurred as a result 
of protein concentration over" 'the range of 0.875% to 28%. The third method employed, 
polyacrylamide gel electrophoresis, gave similar results over a concentration range 
of 0.109% to 7.0% protein. A slight increase in the migration of albumin noted 
during this procedure was probably not due to an increase of electrophoretic mobil- 
ity but to overloading of the polyacrylamide gel by this major constituent of human 
plasma. 

These results indicate that no significant differences in electrophoretic mobility 
are apparent, as a function of protein concentration, over the range of 0.109% to 
28%. 
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8.0 CONCLUSIONS AND RECOMMENDATIONS 

The purpose of this study was to demonstrate the effects of gravity on the free 
flow electrophoretic process and to compare the demonstrated effects with predic- 
tions made using mathematical models. The effort included eighteen test runs to 
investigate the effects of gravity on the carrier buffer flow and forty- two test 
runs to investigate the effects of gravity on samples of biological materials, 
both proteins and cells. During the runs, electrical field, buffer flowrate and 
sample concentration were the independent variables. The dependent variables for the 
buffer qravit.y effects investigation were the vertical centerl ine velocity distributions 
and the horizontal centerline velocity distributions. For the sample gravity effects in- 
vestigations, the dependent variable was outlet concentration distribution. 

From the results of the buffer gravity effects, tests and data correlation the 
following conclusions can be drawn: 

0 Correlation between measured vertical centerline velocity distributions and 
analytical predictions with no field applied was generally good, except that 
test profiles are more, rounded. 

owith field applied to the chamber, the peaks in the velocity distribution near 
the membranes, with a larger peak on the cathode side, were predicted analyti- • 
cally and were evidenced by peaks in the horizontal dye fronts. These same 
peaks could not be numerically differentiated reliably from dye front coordin- 
ates, due to nearly vertical slopes in the dye fronts near the membranes. 

owith field applied to the chamber, the measured vertical centerline velocities 
were generally less than those predicted by analysis. The analytical predic- 
tions are strongly dominated by the axial flow and the solution may not have 
converged sufficiently to accurately predict the additive velocities due to 
convection cells. Further correlation effort in this area is recommended. 

o Correlation between measured horizontal centerline velocity distributions and 
analytical predictions was good considering that the error in measuring these 
velocities, which are about two orders of magnitude less than the vertical 
velocities, is almost as great as the velocities themselves. 

From the results of the sample gravity effects tests and data correlation, the 
following conclusions can be drawn: 
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o Widening of the sample stream to about plus or minus one outlet tube width 
(+.08 cm) more than analytically predicted was obtained even with no field 
applied. Some of this widening is probably a characteristic of the test setup. 

o Correlation between the outlet concentration distribution of single proteins 
during electrophoresis and the predicted distributions is generally good, 
except at low buffer flowrates. The larger measured movement at 20 ml /min 
buffer flowrate is a result of greater residence time for the sample than 
was analytically predicted. This is evidenced by the buffer gravity effects 
tests, where vertical velocity was less than predicted by analysis. 

o Inconsistent results were obtained in estimating wall electroosmotic velocity 
for the buffers used from data obtained in the literature for other buffers. 
Further investigation of electroosmotic velocity for the buffers used is recom- 
mended. For a given estimate of wall electroosmotic velocity, the experimental 
results were consistent. 

0 The effects of gravity on the samples at the highest protein concentrations and 
lowest flowrate was about a 5% increase in movement under electrophoresis. 
Greater effect would have been noted at higher protein concentrations; however, 
consistent results would have been more difficult to obtain. 

o The outlet concentration distributions obtained for 33H human lymphocytes show 
results similar to those obtained for proteins. 

A general conclusion of this study is that three dimensional mathematical models, 
if they include gravity induced buoyant forces, can be used to effectively predict 
electrophoresis chamber separation performance. 

The results of tests performed using various methods of electrophoresis using 
supportive media show that the mobility and the ability to separate are essen- 
tially independent of concentration, providing promise of being able to perform 
electrophoresis with higher inlet concentrations in space. 

This investigation provides a starting point for meaningful comparison of free flow 
electrophoresis chamber performance, i.e. output and separation capability, 
on earth and under microgravity conditions and additional work in this area 
is recommended. 
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